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ABSTRACT 
Ongoing large scale depressurization of upper confined aquifers, 
dewatering of phreatic and semi-confined aquifers, exploitation of lignite 
and associated industrial activities not only disrupt the status (i.e. 
hydrostatic to hydrodynamic) of Neyveli Groundwater Basin but also 
contaminate water, air and soil as well as disturb the ecology of the area. 
The study area form part of Coastal Tertiary Sedimentary deposits, 
lies 200Km south of Chennai, in Cuddalore district, Tamil Nadu, between 
latitude 11°25'-11 °45'N and Iogitude79"20'-79°45'E. It has typical tropical 
climate, semi-desert type with more than 55% rainfall received from north 
east monsoon. The investigated area is bounded by Gadilam and Vellar 
rivers in the north and south respectively, whereas eastern and western 
boundaries are marked by Bay of Bengal and Archaean/Cretaceous rocks 
respectively. The highest elevation lies in the north-west (100m amsl) and 
lowest at Porto Nova (2.36m amsl) in the south-east, having general trend of 
slope towards south-east and east direction. 
Geologically, the area is mainly occupied by Tertiary Cuddalore 
Formation and Recent alluvium. Lignite deposits occur in Cuddalore 
Formation at depths ranging in between 50 to 95m bgl. The multi-layered 
high pressure artesian aquifers (5 to 9 Kg/cnr) and semi-confined (4 to 5 
Kg/cm^) aquifer lies below and above the lignite seam in the Mine-II area 
respectively. While in Mine-I area, semi-confined aquifer is absent. This 
poses major challenges to both mining engineers and environmentalists. 
Currently, for one tonne of lignite required to pump 6.73 tonnes of 
groundwater and 8 tonnes of storm water, and remove about 15.94 tonnes of 
overburden material as well. 
The highest altitude of water level recorded at kottarakuppam-1 
(83.37m amsl) in the north-west and lowest at Parangepettai (0.76m amsl) in 
the south-east In general, groundwater flow is toward south-east and east 
except in the mining area, wherein, reversal of hydraulic gradient is noticed 
due to excessive depressurization of upper confined aquifer. In the west and 
north-west (i.e. in recharge area) recorded steep hydraulic gradient (1.60 to 
2.10m/Km) and gentle hydraulic gradient (1 to 0.20m/Km) in the south-east 
of mines. The average decline of water level was recorded as 1.10 m/y 
during 1987-2003. The rate of decline of piezometric surface ranged from 
1.67 to .025mA^ during 1957-1987 and 3.15 to 0.49mA^ during 1987-2002. 
The average groundwater deficit was estimated to be about 10.85MCMA^ 
between 1961 and 1975, whereas in the year 2000-01, the estimated deficit 
of 30MCM was recorded. 
Piezometric head prior to depressurization (1961) was +30m amsl in 
the Mine-I and +I5m amsl in the Mine-II (1982). By 2002, it declined to 
72m bmsl and 62m bmsl in the Mine-I and Mine-II respectively. There by, a 
total decline of piezometer is 102m and 77m since inception of groundwater 
control operation at Mine-I (1961) and Mine-II (1984) respectively. 
However, the rate of decline of pressure head is 2.50m/y and 3.80m/y in the 
Mine-I and Mine-II since commencement of depressurization respectively. 
The excessive depressurization of confined aquifers resulted formation of 
huge cone of depression in the mining area, which spread over an area of 
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about 350 Km^ in an elliptical shape, trending in the NE-SW direction has 
been noticed. In general, pressure gradient is towards south-east and east 
except in the area of pumping influences, wherein reversal of pressure 
gradient is noticed due to massive depressurization of aquifers. The steep 
pressure gradient (5m/Km) was recorded in the north-west and gentle (0.5 to 
0.6ni/Km) in south-east and east (i.e. outside mine influences) of mines. 
The study reveals that 53% and 47% area shows rise and fall of water 
level during pre-and post-monsoon periods (2002-03). However, long-term 
fluctuation study reveals that 85% and 15% area shows fall and rise of water 
level respectively. The rise of water level is local and mainly confined 
around Neyveli Mines-cum-Industrial Complex. It may be due to seepage of 
mines water, flyash pond water, thermal power plants reservoirs, industrial 
effluents, etc. The rapid decline of water level out side the mining area 
results in drying of dugwells, ponds, lakes, etc. and even steady decrease of 
yield and frequent failure of bore wells has been noticed. It causes decrease 
of cropped area and may lead to deep foodgrain crisis in future. 
The hydro-chemical data reveals that saline and mineralize 
groundwater in the lignite mines and associated industrial area in both 
shallow and deep aquifers (i.e. upper confined aquifer). However, 
groundwater in lower confined aquifer (i.e. deep aquifer) is good and 
portable even in the Mine-cum-Industrial Complex area. The second 
important zone of high salinity was observed in the Cuddalore coastal belt in 
shallow aquifers, which may be due to seawater intrusion. However, 
groundwater quality in deep aquifer is good and portable. In general, 
groundwater is hard and very hard, and alkaline in nature. However, 
groundwater quality in major part of the investigated area, except in lignite 
mines and associated industrial area, and coastal belt, is good for drinking 
and irrigation. 
The inteq^retation of hydro-chemical data reveals that Na - Ca and CI 
- SO4 - HCOs-type fades dominate in cations and anions categories in 
groundwater respectively. The mines and associated industrial area, and 
south east of it are dominated by CI - S04-type facies, and Na-type facies in 
both shallow and deep aquifers (i.e. upper confined aquifer). The major ions 
abundance in the groundwater was noticed as Na > Cl> Ca> HCO3 > SO4. 
However, interpretation of hydro-chemical data does not reveal any 
evidence of seawater intrusion in the mining area. The major ions 
concentration in the recharge area and north of Neyveli Mine-cum-Industrial 
Complex area is less as compared to south east and east of it, and in the 
alluvial tracks. Hydro-chemical data also reveals vertical variation in 
physico-chemical characteristics of groundwater quality. Wherein, average 
concentration of pH, EC, TDS, Ca, Mg, K, Na, CO3, HCO3, CI, and SO4 in 
shallow aquifers is more than that of upper confined aquifers and much 
lesser in case of lower confined aquifers. 
The heavy metal concentration in groundwater shows abnormally high 
value of Fe, Pb, Cr and Ni in both shallow and deep aquifers (i.e. upper 
confined aquifer), whereas other metals like Zn, Cu, Co, Mn and Cd are well 
within the permissible limit. However, heavy metal concentration in lower 
confined aquifer is well within the maximum permissible limit even in the 
lignite mining-cum-industrial area except Fe (0.662mg/l), Cr (0.121mg/l) 
and Pb (0.498). Iron concentration in deep and shallow aquifers ranges from 
9.107 to 0.022 mg/1 and 4.963 to 0.130 mg/1, which is above the maximum 
permissible limit respectively. The lead concentration in deep aquifer varies 
from 1.510 mg/1 to BDL, wherein majority of deep water samples shows 
concentration above maximum permissible limits and also higher in value 
than the shallow aquifers (1.431 to 0.010 mg/1). Chromium concentration 
ranges from 0.634 to 0.011 mg/1 and 0.596 to 0.008 mg/1 in deep and 
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shallow aquifers respectively. In majority of shallow groundwater samples 
chromium concentration recoded more than that of deep water aquifers. The 
average concentration of Fe, Pb, Cr, Ni, Cu, Zn, Co, Mn and Cd is 1.088, 
0.396, 0.173, 0.051, 0.016, 0.173, 0.031, 0.462 and 0.005mg/l in shallow 
aquifers respectively. In upper confined aquifers, average concentration of 
Fe, Pb, Cr, Ni, Cu, Zn, Co, Mn and Cd is 3.876, 0.740, 0.029, 0.045, 0.028, 
0.507, 0.033, 0.079 and 0.004mg/l respectively. In case of lower confined 
aquifers, average concentration of Fe, Pb, Cr, Ni, Cu, Zn, Co, Mn and Cd is 
0.662, 0.498, 0.121, 0.028, 0.017, 0.749, 0.012, 0.052 and O.OOlmg/1 
respectively. In general, study reveals the concentration of heavy metals in 
the upper confined aquifer is more than the shallow aquifers. 
Moreover, the analyzed chemical data of major ion and heavy metal 
of shallow, upper and lower confined aquifers when compared with various 
water quality standard for drinking and irrigation. It reveals groundwater 
quality in shallow and upper confined aquifers is good and portable in the 
major part of the study area except in the Mine-cum-Industrial complex 
area, south east of it and along the coastal belt. However, groundwater 
quality in lower confined aquifers is good and portable even in mining area 
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and coastal belt, and also has huge potential for future groundwater 
development. 
In order to control the further deterioration and depletion of 
groundwater and prevent seawater intrusion in the mining area if any in future, due 
to ongoing large-scale depressurization of Neyveli Coastal aquifer with the 
massive exploitation of lignite, for which remedial measures needed are: 
> To reduce the excess withdrawal of groundwater by localizing 
depressurization of upper confined aquifer through constructing close 
space pumping wells over lignite bench. Thereby, keeping pressure head 
unto desire level, which may arrest the further drop of water table, 
pressure head and to maintain the balance between recharge and 
discharge in the Neyveli groundwater basin. It may also some extent to 
control the further deterioration of groundwater quality. 
> To treat the storm water and flyash ponds effluent by establishing 
treatment plant at discharge points and treated water should be utilized 
for irrigation and industrial purposes that may reduce pressure on 
groundwater. 
> To cover the old-necked flyash ponds with lime/limestone, lining of 
flyash ponds and artificial creation of hard pan, which may reduce the 
infiltration of toxic metals and consequently prevent the contamination 
of groundwater resource. 
> To emphasize the utilization of flyash for engineering material, road 
construction, brick making, agricultural field, cement manufacturing, 
etc. 
> Plantation of grasses over old flyash ponds that may absorbed the 
various toxic elements and indirectly reduced the leaching of these 
elements in groundwater. 
> Planting of fast growing carpet like vegetation over mines spoil dumps, 
which may not only reduced the rate of erosion, creeping, slumping, etc. 
of overburden waste materials but also control the infiltration of leachet 
that may minimize the groundwater pollution in the area. 
> Cropping pattern must be changed i.e. from water intensive (i.e. 
sugarcane and paddy) to little water consuming crops. 
> To harness the wind and solar energy as Tamil Nadu State has highest 
potential in India, which may reduce pressure on conventional sources 
of energy and indirectly reduce the air, soil and water pollution in the 
area. 
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Introduction 
Water is the single most precious element for life on earth. Its 
availability is vital for the survival of mankind, satisfying basic human needs 
(i.e. health, food productions, energy generation, etc.) and the efficient 
functioning of ecosystems. Water resources have played a critical and vital 
role throughout the history of human civilization viz. Harappan, 
Mesopotamian, Egyptian, Chinese, etc, that had evolved and flourished in 
close proximity to water bodies especially around rivers. These water bodies 
were the principal source of drinking, irrigation and mode of transportation, 
which in turn attract more and more human population. As a result, the large 
number of mega-cities and gigantic industrial complexes of the world have 
developed on the bank of the major rivers and along the coastal belts in time 
and space. 
Fresh water in spite of being a renewable resource has only finite 
reserves. It account only about 2.5% of global water (i.e. 97.5% salt water), 
of which 2.24% contained in polar ice cape (i.e. Antarctic, Greenland, etc.) 
mountain glaciers and deep groundwater. Where as only 0.26% of the global 
freshwater reserve is accessible for human uses. 
Rivers which were once called the life line of cities or countries, now 
becoming fast disappearing many of them are already dead or contaminated 
beyond its self purification level, were no longer a source of safe drinking 
water, irrigation and industrial uses. For centuries rivers, streams, ponds and 
sea coasts are provided a convenient place to dump toxic wastes generated 
by various anthropogenic activities viz. mining, industrial, agricultural and 
other human waste. Almost all the major rivers of the world are choking on 
chemical runoff and hazardous effluents. Instead of carrying life sustaining 
freshwater, they are little more than narrow sluggish streams of mining, 
urban, Industrial and agricultural solids and liquids toxic wastes. The lakes 
and ponds are facing contamination too and steadily disappearing. 
Asian rivers are the most polluted in the world, with three times as 
many bacteria from human waste as the global average. Moreover, these 
rivers have 20 times more lead than those of industrialized countries (WHO 
- 2002). Furthermore, only 5 out of 55 rivers in Europe are considered 
pristine and about 60% of world is 227 large rivers are severally fragmented 
by dams, mining dumps, diversions, canal systems, etc., leading to the 
degradation of ecosystems. Whereas, all the 13 great river system in India 
are endangered. 
About 2 million tons of waste is poured every day into rivers, lakes, 
ponds, streams, etc. while one tons of wastewater pollutes 8 liters of fresh 
water (world water Development report - 2002). According to this report, 
there is an estimated 1200 km^ of polluted water world wide, which is more 
than the total amount contained in the world's ten largest river basins at any 
given moment. Therefore, if pollution keeps pace with population growth, 
world will lose 18000 Km^ of freshwater by 2050. Which are about 9 times 
the total amount countries currently use each year for irrigations. 
The 2 r ' century presents a new challenge to management, 
conservation and equitable distribution of this limited and fragile 
groundwater resource. The competition for groundwater has increased 
several folds during the later part of the last century, will continue to do so 
as shooting demand and fast deterioration of surface water bodies fail to 
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meet the needs of present growing world population and economic 
development. Today, much attention has been paid to groundwater resource 
because its portability and have huge reserves, which accounts 98% of 
accessible global fresh water supplies (i.e. estimated at 23,400,000 km^ as 
compared with the 42,800 km^of rivers). Between 600 and 700 Km^ are 
extracted each year, providing about 50% of the world's drinking water 
supplies, 40% of industrial demands and 20% irrigated agriculture. 
In India, groundwater supplies accounts about 90% of drinking water 
needs and over 50% of irrigated agriculture. Groundwater resources are 
depleting at an alarming rate especially in the southern parts of India. Of a 
total of 3400 blocks of groundwater available for use nationwide, 249 are 
already exploited beyond 100% and another 179 are exploited by more than 
85%. In several states of India, the groundwater table has declined by more 
than 4 meters compared to the level in 1980, while in 206 districts it has 
plunged much more deeper level. The International Food Policy Research 
Institute projected that India's water demand will go up by 50% over the 
next 20 years. By 2020, the demand will be over 900 cubic meters. The total 
withdrawal of groundwater in the country was estimated 607 billion cubic 
meters in 1951, will go up to 916 billion cubic meters by 2020. It is 
expostulated that the exploitation of groundwater resource will reach to 
danger levels by 2020. In fact, today at least 19 major cities of India have 
already been facing chronic water shortage. 
During the last half of the 20'*' century, this finite and fragile natural 
resource are threatened by externalities such as population growth, 
industrialization, urbanization, massive mining activities economic 
expansion, agricultural intensification, changing life style, and other 
anthropogenic activities resulted many ill-effects, including the lowering of 
water tables, salt water intrusion in coastal region, land subsidence, lower 
base flow of stream and climate change, will account for an estimated 20.0% 
of this increase in global water scarcity. Across the world, there is a 
growing concern about the deterioration of water quality and availability of 
safe drinking water. Today, water quality problems will be more serious than 
quantity. Water related diseases kill a child every eight seconds and are 
responsible for 80% of all illness and deaths in the developing world. 
Further, more than 3.4 million people die each year from disease related to 
contaminated drinking water and poor sanitations. Water victor-borne 
diseases also take a heavy toll; about a million people die from malaria each 
year and more than 200 million suffer from schistosomiasis known as 
belharzias. Every day 600 people, mostly children under the age of five die 
from diarrhoeal diseases (WHO-2002). This statistics clearly reveals the 
gravity of water related problems at present society is facing globally. 
Of all the social and natural crises we human face, the water crisis is 
the one that lies at the heart of our survival and that of our planet earth 
(M. Koishiro - 2003). No region will be spared from the impact of this crisis 
that touches every facet of life, from the health of children to the ability of 
nations to secure food for their citizens. Today water scarcity emerges a 
global issue and has attracted world attentions. Even the theme of the world 
Environment Day - 2003: "Water, Two billion people are dying for it" was 
chosen by the United Nations Environment programme to highlight the 
centrality of water to human survival and sustainable development. Further 
more. United Nation had also declared year 2003, as an "International Year 
of Freshwater, 2003". 
It is anticipated that water rather than land availability will be 
the main constituent to agricultural production in the first half of this 
century. Further more, man will not die because of shortage of food, rather 
shortage of water viz. average grain yields doubled from 1.4 to 2.8 
tons/hectares/crops during 1962 and 1996. It means that less than half the 
amount of available land is now required to grow the same amount of grain. 
Water resource is becoming a growing source of tension and fierce 
competition among nations, states, towns, and villages and between rich and 
poor, etc. with regard to distribution and sharing of this natural precious 
resource. Water is likely to play the same role in world economy in the 21 '^ 
century, as oil had played in the 20"" century and will be the source of 
conflicts world over to pose a major threat to human survival if proper 
preventive measures are not taken globally to conserve, manage and utilize it 
judiciously. Environmental scientists are speculating that the acute scarcity 
of water resource may force the powerful nations to wage new global war 
for the control of this fast depleting precious natural resource. In recent 
years, water riots are taking place in water deficit regions the world over. 
In societies with the development, efficient utilization and effective 
management of their water resources should be the dominant strategy for 
economic growth and human survival. But in the recent years, over 
exploitation, unscientific management and use of this precious resource for 
various purposes almost invariably has created many ill effects in its wake, 
water logging and salinity in the case of agricultural use and other 
environmental problems of the various limits as a result of mining, industries 
and municipals use (Choubisa, et.al. 1995, Jain, et.al. 1996, 1997, Singh, et. 
al. 1996, Rao & Rao, 1990, Rao and Prasad, 1997). 
The study area include the Neyveli Lignite Field which is the largest 
lignite deposits and associated with biggest artesian basin in India and hardly 
lies 50 Km away from the East cost of India. Hence it is so called coastal 
aquifer and more popularly known as Neyveli Artesian Basin, named after 
hamlet, Neyveli, where it was first discovered. Neyveli artesian basin is the 
largest groundwater basin of South India and mainstay of Tamil Nadu's 
economic development because major part of South India consist of hard 
rock viz. granite, gneisses and chamockite (i.e. Archaean and proterozoic 
Age) and also lacking perennial rivers. 
The Neyveli lignite exploitation began in 1957,since then huge 
quantity of lignite excavated by removing thick pile of overburden material 
and massive depressurization of powerful confined aquifer below lignite 
seam. The impacts of opencast Neyveli Lignite Mining and associated 
industrial activities on the environment are complex: vast area of about 50 
Sq. Km. has been devastated by strip mining, the groundwater level lowered 
by 60m, reversal of hydraulic regime, decrease of natural flows in artesian 
wells, contamination of groundwater and surface water, deterioration of soil 
quality, possibility of sea water intrusion, increasing pumping costs, 
deterioration of ambient air quality by large scale emission of flyash, sulfur 
dioxide (SO2),carbon dioxide (CO2), Nitrous oxides (NOx), etc. in the 
atmosphere from lignite fire plants and fine particles from naked overburden 
material and exposed flyash ponds. Wherein, principal effects of hazardous 
waste on the environment are the contamination of groundwater resource. 
Which jeopardize human health and disturbed the ecological balance. 
An attempt has been made here to assess and evaluate the impact of 
lignite opencast mining and associated industries activities on groundwater 
in and around Neyveli lignite mines. 
Location of Study Area 
The study area is Neyvli lignite field and its surrounding regions, 
which is located 200 Km south of port city of Chennai (Fig.l), in the 
Cuddalore district of Tamil Nadu state, India. The Gadilam River in the 
North and Vellar River bound the area in the south, in the east by Bay of 
Bengal and west by high ground of Archaean rock (i.e. Chamockite and 
gneisses). The Geographical co-ordinate of the study area lies between 
latitude 11°25'-11®45'N and longitude 79°20' to 79°45'E. The area falls in 
the survey of India's Toposheet No. 58M/6, 58M/7, 58M/10 and 58M/11. 
The study area cover is about 990 sq. Km. comprising parts of Cuddalore, 
Panruti, Vridhachalam and Chidambaram taluks of the Cuddalore district. 
The area has a good network of railways and roads. Cuddalore town, 
headquarter of Cuddalore district and the other important towns in the area 
are Chidambaram, Panruti, Virdhachalam, Ulundurpettai and Neyevli. These 
towns are well connected with Chennai Metropolis by a railways and 
metalled roads. Most of the villages are connected either by metalled or 
unmetalled motorable roads. 
i I ' l l ' ! ' 
Fig. I : Location map of the sludy area 
Previous Work 
The study area was first studied and mapped by Blandford of the 
Geological Survey of India (G.S.I., 1865). King and Oldham mapped the 
areas adjoining the lignite field in the early thirties of the century. Later 
Cretaceous and Tertiary sedimentaiy rocks in the area were mapped by 
Krishnan, Jacob & Argyaswamy of G.S.I, during 1941-45. The detail 
geological studies of Neyveli lignite area were carried out by the Jacob and 
Jacob (1950), Rao, 1955, Krishnan, 1960, Ramanujam, 1966 & 68, 
Subramaniam, 1969, Deb, et.al. 1973, & Venkatachala, 1973). 
The erstwhile groundwater wing of the Geological Survey of India 
(G.S.I.) has successfully carried out detailed hydrogeologial studies through 
multi-pumping test programme to understand the prevailing hydrogeological 
conditions and aquifer characteristics in order to assess the feasibility of 
groundwater control for safe and economic mining of the lignite deposits 
during 1954-59. Kailasam, et.al. (1963 & 1965) had done detailed 
geophysical investigations of the Tertiary sedimentary basin of east coast of 
India, to decipher the sub-surface configurations. The Geological Survey of 
India (1971) has also conducted study on the impact of large scale pumping 
of groundwater on groundwater regime in and around the Neyveli Lignite 
Field. 
Systematic and detail hydrogeological survey were taken up by the 
scientists of Central Groundwater Board (CGWB) in 1981-82, 1986-87 & 
1995-96 to study the effects of large scale pumping on groundwater in and 
around lignite mining area. The systematic geological and geophysical 
investigations in the Neyveli basin was carried out by Oil and Natural Gas 
commission (ONGC) for the search of hydrocarbons and followed by 
drilling operations. The State Groundwater Department of Tamil Nadu also 
monitored the long-term effect of groundwater pumping on hydrogeological 
regime, possibility of seawater intrusion and so on.The Neyveli Lignite 
Corporation (NLC) has also been monitoring salt-water intrusion, depletion 
of water level, Neyveli groundwater budget and done comprehensive work 
on geological and hydrogeology of the Neyveli Artesian Basin. Regional 
groundwater modeling of the Neyveli Basin has been done jointly by 
National Geophysical Research Institute (NGRI), Hyderabad (1986) and 
Neyveli Lignite Corporation in 1986 and later by former East Germany 
(GDR) on behalf of Neyveli Lignite Corporation on the basis of contact with 
VEB Industrie-consult Berlin-GDR by IBK consulling, Braunkohlenkom -
binat Senftenberg in co-operation with the University of Technology of 
Dresden, 1989. 
Aims and Objectives 
An attempt has been made to assess and evaluate the present status of 
groundwater and surface water quality, groundwater resource status, aquifer 
system and their disruption, effects on groundwater budget and groundwater 
regime, and effects & extents of seawater intrusion, if any. Water and Land 
resources are under deep stress due to massive opencast lignite mining and 
associated industrial activities, bourgeoning population growth and intensive 
agricultural activities especially water intensive crops like paddy and 
sugarcane in the investigated area. Groundwater is the only source of water 
available for various utilities like drinking, industrial, irrigation and other 
purposes in the Neyveli Lignite Field. Wherein, no major river lies near by 
study area except two minor seasonal rivers (i.e. Vellar and Gadilam) 
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The study area lies in the highly water stress region of India, where 
war of water sharing among the southern states of India is deepening year 
after year. The investigated area consists of two gigantic opencast lignite 
mines, three pit head thermal power plants, urea plant, briquatting and 
carbonization plant are spread over an area of about 150 sq. Km. Over the 
last 40 years, excessive depressurization of confined and semi-confined 
aquifers, dewatering of water table aquifer, massive removal and dumping of 
overburden material, large scale discharge of mine water, industrial effluents 
and flyash ponds overflows into natural and artificial drainage, disposal of 
mines waste and fly ash in the Neyveli region may cause serious threat to 
groundwater resource and ecosystem. The mining and industrial waste 
containing various toxic elements that may inter the food chain and thus 
adversely affect the human health. 
Keeping in mind the above aspects, an attempts has been made to 
synthesis the existing data of various Government agencies like Neyveli 
Lignite Corporation (NLC), Central Groundwater Board (CGWB) and State 
Groundwater Board (S.G.W.B.), Geological Survey of India (G.S.I.), etc. 
and the data generated in the present investigation to get an insight into the 
hydrogeological and hydrogeochemical behaviors of groundwater, extent of 
groundwater and surface water pollution, groundwater regime, possibility of 
sea water intrusion, evaluation of aquifer system and their disruption, etc. in 
and around the Neyevli Lignite Field are included and synthesized in partial 
ftilfillment of this Ph.D. progaramme. 
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The present study in and around the NeyveH hgnite area includes the 
following aspects: 
1. Mapping and delineation of major water bearing zones. 
2. To study the extent and sources of groundwater and surface water 
pollution. 
3. To study the framework of aquifer disposition and their interrelationship. 
4. To demarcate the area of groundwater recharge and discharge. 
5. To study the hydrogeochemical characters of surface and groundwater in 
order to determine the water quality status in the area. 
6. To study the effects of massive depressurization of confined aquifer on 
groundwater regime. 
7. To study the possibility of seawater intrusion. 
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1. PHYSIOGRAPHY 
India is broadly divided into five distinct physiographic units: the 
Extra-Peninsula, the Peninsular plateau, the Great Plain of North India 
(i.e. Indo-Gangetic Plain), the coastal plain's and the Islands (Fig.2). The 
study area covered a part of the coastal plain of Tamil Nadu, wherein; 
India's largest lignite resource is buried in the Cuddalore sandstone (Tertiary 
Age). The boundary between the peninsular plateau and east costal plain of 
Tamil Nadu Coast is well defined by the contour of 150 meters. The east 
coastal plains of Tamil Nadu are predominantly consists of Tertiary 
sedimentary formation and Recent alluvium. A major part of the east coastal 
plains is formed as a result of the alluvial fillings of the littoral zone by the 
rivers Mahanadi, Godavari, Krishna, Cauvery, etc. comprising some of the 
largest deltas viz. Cauvery Delta, Godavari Delta, Mahanadi Delta etc. 
Today, these delta regions so called the Granary of the Southern States of 
India viz. Andhra Pradesh, Tamil Naidu, Kamataka, Kerala and Union 
Territory of Pondichery and one of the highly populated and industrialized 
belts of India. 
Physiographically, the study area can be divided into four distinct sub-
divisions viz. (i) North-Westem highlands (ii) Central high ground 
(iii) Gadilam-Ponnaiyar alluvial plains (iv) Vellar-Manimukta nadi alluvial 
plains: 
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Fig.2: Gcomoiphological map of India 
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1.1 NORTH-WESTERN HIGH LANDS 
It lies in the western and Nortli Western parts of the study area. The 
upland area range in elevation from 30 to 96 meters above mean sea level 
(amsl) and has gradient of about 4m/km towards east and south-east 
direction. A stream flowing north to south named Mari Goda demarcates its 
eastern boundary. 
1.2 CENTRAL HIGH GROUND 
It is arcuate in shape stretches roughly in NNE-SSE- direction in the 
central parts of study area. The Vellar and the Manimukta rivers in the south 
east of Virdhachalam have divided this high ground into two parts. The 
northern part ranges in elevation from 30 to 103m above mean sea level 
(amsl) .The central portion, which lies above 100m contours is more or less 
flat. The western, north western and northern parts of this high ground have 
steep slopes of about 1 Im/km. To the south, northeast and east having gentle 
gradient i.e. the Am/km. No major rivers draining in the study area except 
few small seasonal rivers (i.e. Gadilam, Vellar, Manimukta and Paravanar) 
which hardly flowing three to four month (i.e. in rainy season) and rest of 
the year is running out of water. 
The southern part of the high ground i.e. south of the Vellar and 
Manimukta Rivers, ranges in elevation from 30 to 101m above mean sea 
level (amsl). While steep ground slope from Andimatam towards north-west 
and north (i.e.6 m/km) and eastern side has gentle slope (i.e. 1 m/Km). In the 
central high ground where badland topography is very much pronounced 
forming ravines and gullies especially in the south of Srimushnam and south 
of Gadilam River. The badland topography is the result of differential 
erosion of Cuddalore sandstones. 
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2. GADILAM-PONNAIYAR ALLUVIAL PLAINS: This alluvial 
plain occupied principally to the north of Gadilam river and 
stretches east -west direction with a gently sloping (<2 m/Km.) 
towards Bay of Bengal and lies north of the study area. 
3. VELLAR-MANIMUKTANADI ALLUVIAL PLAINS: This 
alluvial plain covers major portion and lies south and south eastern 
part of the study area and lies occupied north of Koleroon river and 
on either side of Vellar river, with gently sloping (i.e. < 2 m/Km) 
towards Bay Of Bengal. 
2. DRAINAGE 
The Gadilam river in the north, Vellar and Manimukta rivers in the 
south drain the study area. The Gadilam and the Vellar rivers and their 
tributaries mainly control the drainage system of area. These rivers are 
solely rainfed and some of them are ephemeral streams. 
Canal System in the study area is less in number. The important 
canals in the area are khan sahib and old coleroon canal from which taluks 
of Chidambaram and Kattumanrkoil are mainly benefited. Whereas 
Vridhachalam anicut, Pelandurai anicut, and Shatiatope anicut are the 
important anicuts, which are mainly confined in, investigated area built 
across the Manimukta and Vellar rivers. 
Investigated area also having few major and minor irrigation tanks 
such as Viraman Eri in the south and Perumal and Walaja tanks in the 
middle of the study area. Wherein, catchment area of Viraman Eri, Perumal 
Eri and Walaja Eri having 427.35 Sq.Km., 558.44 Sq.Km. and 191.66 
Sq.Km. respectively. From these ponds numerous small channels branch out 
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and help in irrigation of agricultural lands especially in dry period. The 
Perumal eri and Walaja tank are fed by the mines water and thereby 
discharge in agricultural lands throughout the year causing adverse effects 
on soil fertility and ecosystem. 
3. CLIMATE AND RAINFALL 
The study area has typical tropical climate with variation of 
temperature between 20.80° C to 36.90°C and 19.00°C to 39.19°C in the 
eastern and western part of the area respectively. The area experiences hot 
and dry climate throughout the year. The weather is pleasant from January to 
February and gradually hotter during month of March to June. The highest 
and lowest temperature is recorded in the month of June (43.30 °C) and 
January (11.10 respectively. The regular drop in day temperature during 
month of October to December and July to September are due to effects of 
North-East Monsoon and South West Monsoon respectably. 
In the investigated area, high relative humidity (i.e.63 to 84%) 
prevails throughout the year. Where highest relative humidity is observed 
between November and January (i.e. 84%) whereas lowest is recorded in the 
month of July (i.e.63%). 
Wind in the area is generally moderate in strength and increase of 
wind speed recorded during April to July and December to January. Wind 
speed is highest in the month of May (12.60 km/h) and lowest in October 
(7.40 km/h). The detail of hydro-meteorological parameters of study area is 
given in the Table-1. The area lies in the cyclone prone belt of Bay of 
Bengal i.e. Tamil Nadu Coast and is active in the month of October and 
November. 
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Table l:StatisticaI Analysis of Climatological parameters at Cuddalore 
Period (1931-1960) 
Description Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Rainfall 
(mm) 
41 70 14 80 26 80 37 80 70 70 34 50 68 90 109 50 113 40 241 50 362 20 183 40 
Temp 
(Max OC) 
27 90 29 90 30 80 32 80 35 70 36 60 35 40 34 50 33 80 31 50 29 00 27 90 
Temp 
(Mm OC) 
20 80 21 20 22 90 25 70 27 10 27 00 26 10 25 40 25 10 24 30 22 80 21 50 
Relative 
Humidity 
(%) 
83 00 84 00 79 00 75 00 67 00 63 00 68 00 73 00 73 00 81 00 83 00 83 00 
Mean Wind 
Speed 
(Km/hr) 
10 40 9 00 9 70 11 70 12 60 11 80 10 40 9 80 9 20 7 40 9 00 11 10 
Sources: Indian Meteorological Department, Govt, of India 
Highest evaporation is measured during May to August (10.70 mm) 
while minimum during November (2.70mm). Wherein, minimum 
evaporation coincides with the period of Maximum wind velocity and 
sunshine hours. 
3.1 RAINFALL 
For the appraisal of the rainfall pattern in the study area, the annual 
rainfall data of the following rain gangue stations viz. Cuddalore, Panruti, 
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Virddhachalam and Portonova were processed and analyzed for the period 
of 100 years (during 1901 to 2000) is given in appendix lA, IB, IC & ID. 
These rain gauge stations are uniformly distributed in the area and have a 
comparable precipitation region. These stations not lies at altitude 76m 
above mean sea level (m amsl). 
The monthly rainfall data analysis of various rain gauge stations 
is given in Table-II (during 1900-1986), shows three distinct periods of 
precipitation in each years viz. October to January (North-East Monsoon), 
June to September (South- west Monsoon) and March to May, The 
maximum rainfall has been recorded in the North-East monsoon (55%) 
followed by South- West monsoon (30%) and 15 rest of the month. The 
precipitation during October to January (North-East Monsoon) and June to 
September (South West Monsoon) is of Cyclonic in nature whereas 
conventional type of rainfall observed between March and May. It has been 
recorded during all the months of the year at all the stations that the month 
of November (362.22 mm) and February (14.80mm) are the wettest and 
driest month of the year respectively. 
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Table- II: Statistical analysis of monthly rainfall data 
Period (1900-1986) 
Name of 
Satiations 
Oct-Jan(N-E 
Monsoon) 
rainfall . 
rainfall 
(mm) (%) 
June-Sept (S-E 
Monsoon) 
rainfall , , 
rainfall 
(mm) (%) 
Mar-May 
rainfall rainfall (%) 
(mm) 
Annual 
rainfall 
(mm) 
Cuddalore 829.4 61.00 340.4 25 00 195.0 14.00 1351 3 
PortoNova 866 83 64.54 342.20 25 47 163.93 12 2 0 1343 20 
Patiruti 638.8 52 00 420 1 34 30 165 2 13 50 1224 5 
Virddhaclialam 525.8 48.30 398.3 36 59 164 4 15 0 1088 5 
3.1.1 AREAL DISTRIBUTION OF RAINFALL 
In order to know the overall distribution pattern of the rainfall in the 
study area, mean annual rainfall data of hundred years (i.e. between 1900 to 
2000) at different rain gauge station viz. Porto Nova, Cuddalore, Panruti and 
Virdhachalam were process in the area (Appendix; lA, IB, IC & ID). 
Which shows a progressive decrease of rainfall from east to West (i.e. 
towards land). The mean annual rainfall at Cuddalore is 1291.84mm (i.e. at 
sea coast) whereas at Virdhachalam recorded 995.57mm, which lies about 
50Km west of seacoast Table-Ill. While considering the area as a whole, the 
maximum and minimum rainfall recorded at Cuddalore (2501.8mm) in the 
year 1913 and at Porto Nova (4mm.) in the year 1988 since last 100 years 
respectively. It is observed that the intensity and distribution of rainfall is 
uneven and its aerial distribution varies from place to place and year to year. 
It is difficult to judge from the graphs whether increase or decrease in 
rainfall is cyclic. The graph also shows that there are no periods of five 
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successive years during which the rainfall was recorded above normal in the 
last 100 years of rainfall study. It is also observed that the period between 
March to May has the minimum number of rainy days in any year at all the 
rain gauge stations while October to January recorded the maximum number 
of rainy days. It can also be seen that the years with maximum and minimum 
number of rainy days of each stations do not correspond with the years 
having minimum and maximum rainfall. This might have resulted from 
differences in the storm type and consequent variations in rainfall intensity. 
The rainfall pattern in the stud area is highly erratic in nature. 
Table-Ill: Trend of rainfall from sea coast to landward 
S. N. Name of station Distance from sea coast Mean annual rainfall 
1 Cuddalore 0.00 1291.84 
2 PortoNova 1.50 1266.40 
3 Panruti 27.30 1149.96 
4 Virdhachalam 48.20 1059.90 
3.1.2 DEPARTURE 
The departure and cumulative departure from the mean annual for all 
the selected rain gauge stations are given in appendix lA, IB, IC & 2D. 
A comparative study of excess and deficiency in precipitation over the 
mean for all stations for 100 years (1900-2000) are summarized in Table-IV 
as follows: 
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1. The maximum rainfall during any year for any station is between 
107% and 59% greater then the arithmetic mean, the average 
excess being 84%. 
2. The minimum rainfall during any year for any stations is between 
57 and 95% less than the mean, the average deficiency being 75%. 
3. 47% of the year of record, exceed the average annual rainfall by 
22% and for the remaining 53% of the year, which are deficient in 
rainfall, the average deficiency is 21%. 
4. Stations with high average excess do not always have high average 
rainfall and this is also applicable to the deficiency in rainfall. 
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3.13 VARIABILITY OF RAINFALL 
The available annual rainfall data of selected rain gauge stations for 
the period of 100 years (i.e. 1901 to 2000) has been statistically analyzed 
and results are tabulated in Appendix lA, IB, 1C& ID. It shows a wide 
range of variation of rainfall at each station. The average annual rainfall of 
the entire study area is 1160 mm. The standard deviation of rainfall data 
varies from 467 to 248 in the study area. The maximum and minimum 
variations in standard deviation were recorded at Porto Nova (505.50) and 
Vridhachalam (248) for the period of 100 years. 
The co-efficient of variation of rainfall in the Neyveli region varies 
from 39.90 to 23.46 %, being maximum in Porto Nova and minimum in 
Vridhachalam respectively. This shows that variation of rainfall occur all 
over the study area. 
4. DRAUGHT ANALYSIS 
Draughts and floods are the result of variability of rainfall intensity 
and duration in time and space. The occurrence of drought adversely effects 
agricultural production, drinking and industrial water supply, loss of human 
and animal life are due to reduction of stream flow, dried surface water 
bodies like natural and artificial ponds and reservoirs, depletion of water 
table, loss of soil moisture etc. The drought characteristics and its 
consequences vary from region to region depending upon hydrological, 
hydro-meteorological and agro-climatological conditions prevailing in the 
area. 
The study area is mainly dominated by agricultural activities and 
mining and industrial activities as well. The draught analysis is based on 
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agricultural definition of drought, wiiich takes into account the negative 
departure of rainfall from the mean rainfall. The criteria used is as follows: 
% Of departure Type of Drought 
0.1 to 25.00 Mild Drought 
25.00 to 50.0 Moderate drought 
50.00 to 75.00 Sever drought 
75.00 to 100.00 most sever drought 
Drought frequencies are calculated for the period of 100 years of four 
rain gauge stations and summaries in table-V. 
Table-V: Rain gauge station wise drought analyses 
(Period: 1900 to 2000) 
Type of drought and 
frequency 
Cuddalore Porto Nova Panruti Virdhachalam 
Mild drought (year) 29 32 28 34 37 
Frequency (%) 29 32 28 39 37 
Moderate drought (year) 21 16 22 12 
Frequency (%) 21 16 22 12 
Sever drought (year) 3 0.00 1 I 
Frequency (%) 3 0.00 1 1 
Mort sever drought (year) 1 4 - - -
Frequency (%) 1 4 - - -
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During the period 1901 to 2000, the entire area except Cuddalore and 
Porto Nova never experienced most sever drought on an average. The 
Cuddalore experiences all type of drought and notice 58% of the years. 
However, Panruti, Vridhachalam & Porto Nova experiences mild, moderate 
sever and most sever draught in 51% and 52%of the years respectively. 
5. LAND USE PATTERN 
The investigated area is mainly dominated by agrarian activities while 
at Neyveli and Cuddalore coasts are dominated by mining-cum-industrial 
activities and industrial activities respectively. The discovery and subsequent 
exploitation of lignite deposits at Neyveli, a small-unknown hamlet four 
decades ago has transformed into hub of mining-cum-industrial complex of 
south India. It has not only transformed the natural landscape but also 
brought pronounced changes in socio-economic setup and demographic 
pattern of the Neyveli region. The Cuddalore coastal belt is the second most 
fast growing industrial agglomeration in the study area, which has brought a 
drastic change in natural and cultural landscape. The mining-cum-industrial 
complex at Neyveli and industrial complex at Cuddalore has changed the 
agrarian society into industrials society. Each type of land uses is influenced 
by the availability of fresh water. The block wise land use particulars of the 
investigated area for 2000-2001 are presented in Table-VI. 
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Table-VI: Land use Particulars of Selected Blocks 
(Period: 2000-2001) 
Particulars Kurinjipadi 
Block (ha) 
Virdhachalam 
Block (ha) 
Kammapuram Block 
(ha) 
Forest - 138 19 
Barren and 
Uncultivated land 
1581 1058 861 
Land put to Non-
Agricultural area 
5160 3286 7114 
Cultural Waste lands 742 2234 452 
Permanent Pastures 
and other garaging 
land 
46 161 64 
Land Under 
Miscellaneous Trees 
625 276 182 
Current Fallow lands 2955 1856 1425 
Other Fallow Lands 915 2095 2068 
Net Area Sown 24127 18925 18910 
Total Geographical 
Area 
36151 30029 31095 
Source: Department of statistics. Govt, of Tamil Nadu, 2000-2001 
6. IRRIGATION 
The sources of irrigation in the study area are primarily groundwater, 
whereas, surface water bodies are hmited, having few small ponds like 
Perumal eri, Walaja tank and Verinam eri and few canals. The study area 
is drained by few small non- perennial rivers viz. Vellar, Gadilam, 
Manimukta and Paravanar rivers. These seasonal rivers flows only two lo 
three month in a year and rest of the month they become dry. Therefore 
groundwater is the major source of water supply of various sectors like 
irrigation, drinking and industrial uses in the study area. 
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About 62% of the area is shown in Vridhachalam taluk and Tubewells 
and tanks irrigate 37% of the sown area. Tubewells are the principal source 
of irrigation followed by tanks whereas the contribution from canals is 
negligible. The selected block wise irrigation shows is summarized in Table-
VII. 
Table-VII: Selected Block wise Irrigation Sources 
S.No. Particulars Kammapuram Virdhachalam Kunjipadi 
1 No of Surface water Tanks 
(a) With amount more than 40 ha - 24 1 
(b) With ancient less than 40 ht 12 40 -
2 Area irrigated from surface water tanks (ha) 70 1810 4050 
3 No of Public Tubewells - - -
4 Area Irrigated from the Public Tube-Wells - - -
5 No of Private Tube wells 258 7776 2465 
6 Area Irrigated from Private Tube-wells (ha) 11688 4860 -
7 No of dug well with pumpset 
(a) Diesel 1175 1495 
(b) Electric 14674 1789 
(c) Dugwells without pumpset 1252 896 -
8 Area irrigated from energized dug wells (ha) - 2300 -
9 No of canals - 3 3 
10 Area Irrigated from canals - 1162 3160 
II Area Irrigated from other sources (ha) - - -
12 Total Area Irrigated (ha) 11758 10132 18657 
Source: Department of Statistics, Govt, of Tamil Nadu, 2000-2001 
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7. AGRICULTURE 
The investigated area is primarily agrarian and the principal food 
crops cultivated are paddy, maize, and ragi. The cash crops cultivated in the 
area are sugarcane, Chilies, Cotton, and groundnuts. The block wise 
cropping pattern is presented in Table-VIII. 
Table-VIII: Cropping Pattern of Selected Blocks 
S. No. Crops Cultivated Kurinjipadi Virddhachalam Kammapuram 
1. Paddy 10697 5363 8015 
2. Cholam 23 14 -
3. Cumbu 22 166 78 
4. Ragi 4 - -
Total Food Crops 10746 5537 8093 
5. Red gram - - -
6. Green Gram - - -
7. Black gram 29 28 -
8. Other pulses 2 58 -
Total Pulses 31 86 -
9. Sugarcane 1801 3451 2775 
10. Potato - 372 123 
11. Fruits - 372 123 
12. Ground nuts 155 703 643 
13. Coconuts 228 72 40 
14. Banana 34 - -
Total 18657 10132 11758 
Source: Department of Statistics, Govt, of Tamil Nadu, 2000-2001 
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The Table-VIII, reveal irrigated crops like paddy, sugarcane and 
banana are mostly confined in groundwater potential blocks such as 
Kammapuram, Vridhachalam and Kurinjipadi. Paddy and Sugarcane are the 
water intensive as well as principal food and cash crops respectively raised 
in the study area. 
8 SOIL 
Soils in the study area are principally divided into two classes such as 
Red sandy and alluvial soils. 
8.1. RED SANDY SOILS It is the predominant soil type in the study 
area. They cover parts of Vridhachalam, Neyveli, South of Panruti and 
Vadalur sections i.e. confined only to Cuddalore sandstone belt and are of 
ferruginous in nature. The red colour of this soil is due to the weathering of 
ferruginous Cuddalore Sandstone and is the weathering product of Tertiary 
Cuddalore Sandstone. They are characterized by fast infiltration, low 
moisture holding capacity and also less fertile. 
8.2. ALLUVIAL SOILS: It is the second major soil cover in the study 
area. They are principally occupied in the southern and eastern part of the 
investigated area and mainly confined to Vellar and Manimukta Rivers in 
south and coastal sediment in the east. These soils cover part of the 
Cuddalore, Chidambaram and Vridhachalam taluks and are the most fertile 
soil of the study area. 
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The systematic hydrogeological investigations were carried out 
between 2002 and 2004, to generate quantitative and qualitative database to 
know the impacts of massive Lignite Mining, large scale dewatering of 
aquifers and associated industrial activities on Neyveli Artesian Basin. For 
the above purposes, the following steps were taken: 
1. The available published and unpublished literatures of the area related 
to geology, hydrogeology, hydro-meteorology, hydro-chemistry and 
groundwater, surface water, air, noise, and soil pollution as well as 
biodiversity were collected from Government and Non-Government 
Agencies. These literatures were thoroughly studies and background 
information on the state of art is generated. 
2. Toposheets of Survey of India (Maps No.58M/6, 58M/7, 58M/10 & 
58M/11 in the scale of 1:50,000) were used to prepare base map for 
the field survey. 
3. Rainfall data and various other hydro-meteorological data pertaining 
to the area were collected and analyzed to determine the mean, 
standard deviation, co-efficient of variation, spatial and temporal 
variation, occurrences and frequency of droughts during 1900 to 2000. 
4. A network of 100 observation wells was established. Hydro-
geological data and groundwater samples were collected from these 
wells. 
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5. Repeated pre-monsoon, 2002, 2003 & 2004 and post-monsoon 2002 
& 2003 water level measurements were carried out to monitor the 
seasonal changes in water levels. 
6. Lithological logs of borewells drilled by Geological Survey of India 
(G.S.I.) and Central Groundwater Board (C.G.W.B.) were utilized to 
prepare various geological Sand hydrogeological cross-sections to 
understand the hydrogeology, aquifer system and their lateral and 
vertical dispositions in and around Neyveli Lignite Field. 
7. Depth to water level maps, water table contour maps and water level 
fluctuation maps were prepared by utilizing water level data collected 
from observation wells during pre-monsoon, 2002 and post-monsoon, 
2003 to assess the groundwater status, delineation of the area of 
recharge and discharge, hydraulic gradient, groundwater regime, etc. 
8. Water level data from Central Groundwater Board (C.G.W.B.) of the 
year, 1987 and data collected during, 2003 were used to prepare long-
term groundwater fluctuation maps, which reveal the impact of 
ongoing large-scale depressurization of Neyveli Groundwater Basin 
for the safe mining of lignite. 
1. COLLECTION OF SAMPLES AND SAMPLING TECHNIQUES « 
The aim and objectives of sampling is to collect a small portion of 
material (i.e. soil, water, etc.) as a representative samples which could be 
easy transport and handled with care. The selection of sampling site is one of 
the most important steps in collection of representative water samples. 
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Sampling of Groundwater collected from shallow aquifers (i.e. 
dugwells and handpumps) and deep aquifers (i.e. borewells) were carried out 
as per standard sampling techniques (APHA, 1980). Water samples were 
collected from deep and shallow aquifers during pre-monsoon, 2002 and 
post-monsoon, 2003 periods. Forty-seven representative water samples were 
collected from deep tubewells (i.e. deep aquifers) and thirty-eight samples 
from shallow aquifers (i.e. hand pumps and dug wells). For major ions 
analysis, one liter of water sample was collected in polyethylene bottle (pre-
cleaned with acids) and sealed properly before if was brought to the 
laboratory. These water samples were filtered through 0.45jim fitter using 
vacuum pump and then stored in 4°C till the analysis were performed. 
For heavy metal analysis, thirty and twenty-two representative water 
samples were collected from deep and shallow aquifers respectively during 
pre- and post-monsoon (2002-2003) periods. Water samples were collected 
in one liter polyethylene bottle and after filtering each sample was acidified 
with 2 ml HNO3 to prevent possible precipitation of metals. 
2. ANALYTICAL PROCEDURE 
The water was analyzed as per the standard methods (APHA 1995, 
Trivedi and Goel 1986) in the Department of Applied Chemistry, AMU, 
Aligarh and Apex Laboratory Services, Dehradun for major cations and 
anions. While heavy metals analysis of water samples were carried out in the 
Department of geology, AMU Aligarh and in the Department of Applied 
Sciences (Environmental laboratory) Jamia Millia Islamia University, New 
Delhi. The details of instruments and analytical methods used in the 
examination of water samples are given in Table-IX. 
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Table-IX: Instruments and Analytical Methods used. 
S. No. Parameters Analysis methods/Instruments 
1 Temperature Scientific thermometer 
2 PH PH meter 
3 Electrical conductivity Conductivity meter 
4 Total dissolved solids (TDS) Gravimetrically 
5 Chloride Titrimetrically 
6 Alkalinity Titrimetrically 
7 Total hardness Titrimetrically 
8 Calcium Titrimetrically 
9 Magnesium Titrimetrically 
10 Sulphate Titrimetrically 
11 Sodium Flame photometer 
12 Potassium Flame photometer 
13 Trace metal AAS-Perkin Elmer (Model-A Analyst 800) 
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Volumetric methods were used for the determination of major 
cations and anions except Na, K and Mg. Hydrogen ion concentration (pH) 
and electrical conductivity (EC) were measured immediately after collection 
of samples by using systronics pH meter model-20D and conductivity meter 
respectively. Total dissolved solids (TDS) were determined by gravimetric 
method. Sodium (Na"^ ) and Potassium (K"^ ) are determined by flame 
I 
photometer. Magnesium (Mg ) is calculated from Total Hardness (TH) and 
0-1- _ 
Calcium (Ca ) contents. The heavy metal analysis (i.e. Cr, Fe, Mn, Co, Ni, 
Pb, Zn, Cd, etc.) was carried out by atomic absorption spectrometer 
(Perkin Elmer-A Analyst 800). All concentration are expressed in milligram 
per liter except Ph, EC (^mhos/cm) and temperature (°C) 
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1. REGIONAL GEOLOGY 
The study area is underlained by geological formation ranging in age 
from Archacan to Recent. Oldham and King, Geological Survey of India 
(G.S.I.) originally mapped the regional geology of the area in the late eighty 
of nineteenth century. They carried out geological reconnaissance of the 
south-west and north eastern part of the lignite field. During!941-45, 
Krishnan, Jacob and Arogyaswamy of G.S.I., mapped the Cretaceous and 
Tertiary rocks in the area. Later much work has been carried out by 
Upadhyaya (1947), Roy & Dutt (1948), Sodhi(1949), Basubrasundram 
(1951-54), Subramanyam & Goswami(1955), Charatji, Subramnyam & 
Jones (1956-57), Kailasan(1956), Sett (1957), Blanford (1962), 
Arogyaswami (1967), Prabhakar (1987) with regard to geology and 
hydrogeology. The details of geological and hydrogeological work has been 
carried out by Neyveli Lignite Corporation (NLC) since 1956, Central 
Groundwater Board (C.G.W.B.) and State Groundwater Deportment since 
1956 and erstwhile Oil and Natural Gas Commission (ONGC) during eighty 
of the century. The general stratigraphy of the area is given in Tablc-X 
(after Subramaniyam, 1969) and geological map in Fig.3 (After NLC-2000). 
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1.1 DESCRIPTION OF ROCKS 
The study area is mainly consists of Tertiary Cuddalore formation and 
Recent alluvium deposits, whereas western part is covered by Archaean / 
Cretaceous rocks. 
Table-X: General Geological Succession of Neyveli lignite field, Tamil 
Nadu (after Subramaniyam, 1969) 
Age Formation Thickness (m) Lithology Env ironment 
Recent to Sub-Rrecent Alluvium and 5 00-36 00 Soils, alluvium, f low sand tluvial 
Latente latente and kanker 
Middle Miocene to Cuddalore 62 00-660 00 Argillaceous sandstone . Cotinental 
Pl iocene ferruginous arkosic sandstone . 
varegated calyey sandstone. 
sandy clay, lignite. Fluvial, Paralic, Deltaic 
carbonaceous clay, aqui fer to near shore 
sand, clayetc 
Sandy limestone, Siltstone, 
Fossiliferous limestone 
Marine , near shore to 
inner shelf 
Probable Unconformity ? 
Paleocene to Ol igocene Neyveli 700 00-2218 00 Black clays/shale,Argil laceous 
sandstone,Calcareous 
sandstone,Fossi l i ferous 
limestone,Siliceous 
l imeslone,Marl and Sand 
Unconformity 
Cre taceous Anya lu r 550 00-3500 00 Shell l imestone,Sil iceous Mar ine outer shelf to 
limestone, Marls etc bathyal 
Unconformity 
Pre-Cambr ian Granitoid 
gneiss ,Charnockite,Doleri te and 
Pegmatite 
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1.1.1. ARCHAEANS 
The Archaean rocks are exposed in the north-western and western part 
of the study area or more precisely a Hne passing roughly west of 
Virdhachalam and Ulundurpettai. The basement rocks (i.e. Archaean) 
constitute granitoid gneisses with pegmatite and dolerite intrusive in Neyveli 
Basin. The Archaean rocks form the basement in the area over which the 
later sediments were deposited. Outcrops of granitoid gneisses (i.e. 
Archaean) can be seen around Mangalam and Ulundurpettai. The well 
section shows coarse, weathered and pale coloured gneisses up to a depth of 
2 to 4m passing into fresh bluish rocks below. The coarse granite gneisses 
chiefly consist of quartz, feldspar, biotite and hornblende Pegmatite and 
quartz veins intruding the granitoid gneisses. Chamockites are very 
common in the adjoining area and less frequently in the study area. The 
pegmatite predominantly consists of quartz and feldspar. The dolerites are 
the youngest intrusive rocks in the area. They cut across the geinesses in 
NNE-SSW or NE-SW direction between Mangalam and Ulundurpettai. 
Groundwater prospect in these hard rock terrain are meager because of 
compact nature of granitoid geinesses and chamockites. 
1.1.2. CRETACEOUS 
i) ARIYALUR GROUP 
In the western section of the study area, marine fossiliferous 
limestone, calcarious sandstones and marlstones succeed the Archaean 
crystalline basement rocks. They were deposited in shallow marine 
environment and have been classified as Ariyalur group of rocks (i.e. upper 
cretaceous). The rocks of Ariyalur group are exposed in a narrow NE-SW 
trending belt of about 3-8 Km wide between Ulundurpettai in the west and 
39 
Palakkollai in the east. The marine cretaceous rocks are bounded in the west 
and east by Archaean crystaUine rocks and Cuddalore sandstone (Tertiaiy 
Age) respectively. On the east the fossihferous Hmestone are exposed at: 
1. Around Patti, about 8 Km North West of Vridhachalam and 
1.60Kms, SSW ofParur. 
2. About 400 to 600 m. south of Puvanur and west of Vridhachalam-
Ulundurpettai road and 
3. About 1.6Kms SSW of Pelandurai anicut on the southern bank of 
Vellar, near a temple. 
The limestones near patti are massive and fossiliferous having 
abandons of Trigonia semiculata and various species of pecten. The low area 
in the east of Puvanur is covered by kankar and saline black soils and devoid 
of outcrops. The Cretaceous rocks in the study area are overlained by the 
younger Tertiary rocks. Between Vridhachalam and Mangalam, the 
Cretaceous rocks are exposed in a few places in and around Puruver due to 
the erosion of the overlying Cuddalore Formation. 
1.1.3. TERTIARY 
i) NEYVELI FORMATION 
The Neyveli Formation represents the lower most tertiary group of 
rocks. They are essentially argillaceous and occur as a narrow belt overlying 
the Ariyalur group. It also occurs as inlires and outliers surrounded by 
Cuddalore Formation and Ariyalur Formation respectively. The Neyveli 
Formation is composed of silty claystones; black clays /shells, argillaceous 
sandstones, calcareous sandstones, fossiliferous limestones, algal limestones, 
etc. The algal limestones and argillaceous sandstones of the Neyveli 
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Formation can be correlated to that of the Niniyur Formation of Ariyular 
area. It is occurring around Gopurapuram village near Vridhachalam and is 
assigned to Paleocene to Oligocene in age. 
ii) CUDDALORE FORMATION 
The Cuddalore sandstones occur intermittently along the eastern 
coast of south India and represent the upper most Tertiary Formation. The 
Cuddalore Formation occupies the major part of the study area. The rocks of 
this Formation consist of argillaceous sandstone, pebble-bearing sandstones, 
mottled sandstone, ferruginous sandstone, grits and clay beds and lignite 
seams which occupied more than half of the study area. The presence of the 
pebble and cobbles, mottled appearance, general impoverishment in micas 
and absence of garnet grains help to distinguish them from the older group 
of rocks. 
The sandstones of the Cuddalore Formation are whitish, pinkish or 
mottled in colour and are chiefly argillaceous. The sandstone generally 
consists of rounded pebbles (pebbles and fragments) of quartz. The 
Cuddalore sandstones were altered and covered by either Laterite capping or 
by thick alluvium of Gadilam and Ponnaiyar rivers in the north and in the 
south by Vellar and Manimukta rivers. The Cuddalore Formation in the 
southern coastal parts of southern India is exposed in detached patches. The 
central patch extends between Vriddhachalam and Cuddalore, which are 
about 56.00Kms long, and 26.00Kms wide, trending ENE-WSW direction. 
The chief occurrence of Cuddalore sandstone is south west of Cuddalore 
taluk and south of Panruti taluk. The "Mount of Copper west" of Cuddalore 
comprises mainly fragments of rounded quartz bounded by the ferrugenous 
contact. There is another patch of the Cuddalore sandstone occurs to the 
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south of Vellar river around Srimushnam. Besides this other patches of 
Cuddalore sandstones occurs as outhers around: 
1. The Parur reserved forest area. 
2. Mippuliyur 
3. The Kuttadi reserved forest area. 
Lignite occurs in association with the Cuddalore sandstones which has 
not been exposed anywhere in the study area. The lenticuler beds of white 
and mottled clay are occasionally found in association with Cuddalore 
sandstones. It is found over an area about 1.00 to 6.00Kms to the south of 
Panruti and some other places. Outcrops of pebble-bearing sandstones are 
also observed around Kadampuliyar and eastward in the area south of the 
Gadilam rivers up to Tiruvendipuram. Apart from this, a very few outcrops 
of the Cuddalore sandstones occurs in the investigated area. 
1.1.4. QUATERNARY FORMATION 
The quaternary formation in the study area comprises sediments of 
fluvial, fluvio-marine and marine regime. The sediments includes fine to 
coarse-grained sands, silts, clays, laterites and lateritic gravels. The fluvial 
sediments are confined in the flood plains of the Ponniyar, Gadilam, 
Manimuktha , Vellar and Kollidam rivers which consist of mostly of sands 
and sandy or clay loams. The thickness of Vellar alluvium was recorded 
about 35m at Vridhachalam and 40mts at Satiatope. Laterites and Lateritic 
gravels derived from the gravel bearing Cuddalore sandstone are occupied 
large parts of the area. The laterites were generally ferruginous, yellowish 
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dark brown, metallic luster, hard and with fairly extensive occurrence in the 
area are underlained by Cuddalore sandstones. 
In the far east of the study area between Cuddalore and Port- Novo, 
over a width of 1.50 to 3Kms from the coast occurs a low flat sand dune 
below sands except where they are interrupted by the outlets of the rivers. 
The most striking sand dunes occur near Cuddalore and Port Novo, where 
they formed irregular mounds of 10 to 50m heights by wind action. 
1.2. STRUCTURE 
In the study area, Cuddalore sandstone are mostly seam on the 
escarpment side of the high ground stretching between Virdhachalam and 
Cuddalore and also exposed along gullies traversing main part of the 
Cuddalore area. The major part of the study area comprises of Cuddalore 
sandstone rocks of Tertiary Age and Recent alluvium. The geophysical 
survey carried out by the Geological Survey of India (G.S.I., 1956), and 
erstwhile Oil and Natural Gas Commission (O.N.G.C.1980), which reveal 
the sub-surface structure of Neyveli Basin. The detail geophysical 
investigation was carried out by Kailasam (1964 &1966) of the geological 
survey of India who had revealed a strong gravity anomaly in the 
neighborhood of Vridhachalam which probably due to a vertical fault 
extending into crystalline basement rather than to a pronounced down 
warping of the Archaean crystallines basement. 
The Archaean-Cretaceous boundary in the west of the study area 
showed fault contact near patti (Arogyaswamy-1969). Whereas, evidences 
of faulted contact between the Cretaceous and Tertiary Cuddalore Formation 
is more pronounced than Archaean-Cretaceous contact. The down thrown on 
the eastern side of the contact are visible about 1 Km to the south of the 
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Pelandurai anicut in Cuddalore Sandstones, where faults can be traced not 
less than 400m and the change of dip amount in Cuddalore Formation may 
further strengthen the fault contact between them. During 1954-55, 
Varaprasada and Raja mapped the part of Cuddalore sandstone of the area 
recorded dips ranges from 5° to 8° ESE or SE and occasionally as much as 
20° towards ESE or SE. The dip of the Cuddalore Formation in a quarries 
situated about 1.5 Km to the ENE of Pudupattai showing 20° to 25° towards 
ESE or SE direction. The change in the direction and magnitude of dip close 
to Cretaceous-Tertiary contact, it may be a probable fault of post- Cuddalore 
age as was observed near Penundurai. 
There are also evidences of a fault parallel to the Gadilam river 
course, about 1.6 Km south of Panruti i.e. south of the Gadilam river. In the 
west of Panruti-vadular road, Cuddalore sandstone was disturbed and steep 
diping. The presences of conspicuous knolls of the Cuddalore rocks are 
found on the southern bank of the Gadilam river in between Panruti and 
Cuddalore town. While absence of this physiographic features to the north of 
the Gadilam river suggest a possible fault along this river course. On the 
other hand Cuddalore outcrop, south of the Vellar river do not show any 
major structural feature like folding, faulting, etc. 
2. SUB-SURFACE GEOLOGY 
The geophysical investigations were carried out by Geological survey 
of India (Kailasam, 1956), Erstwhile Oil and Natural Gas Commission in the 
late 70's of the 20"" century, erstwhile groundwater exploration sectioned of 
GSI, 1956 and NLC since 1956. It was followed by exploratory bore hole 
drilling by tube well organizations / Central Groundwater Board since 1960, 
State Groundwater Department, NeyveJi Lignite Corporation (N.L.C.) and 
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other government agencies are the main source of sub-surface data to 
revealed the various structural features of the basement in terms of High and 
Low. The gravity and magnetic survey of GSI( Kailasam, 1956) and seismic 
survey by ONGC in the late 70's of 20* century in the coastal sedimentary 
tracks of Tamil Nadu state have revealed four sedimentary basins such as 
Kartallaiyar basin, Neyveli basin, Tanjore basin and Ramnad basin. The 
Neyveli basin occupied major part of former South Arcot district (know 
Cuddalore district) and parts of Trichinapally. The gravimetric and seismic 
surveys have revealed two main faults one along the contact between 
sedimentary and crystalline rocks in the west and other about 1.5 Km west 
of Porto Novo. The sub-surface data also reveal progressive deepening of 
crystalline basement between these two faults thereby, accounting a 
thickness of more than 300 m at Chidambaram. The magnetic, erstwhile Oil 
and Natural Gas Commission (O.N.G.C.) worked out gravity and seismic 
surveys since last quarter of the 20* century for the quest of hydrocarbon in 
the Neyveli Basin. Which revealed the alternate graben and horst structure 
trending NE-SW direction in the basin. 
An attempt has been made to study the sub-surface configuration of 
the Neyveli basin by drawing geological cross-section with the help of 
lithological logs data obtained from the Geological Survey of India, Central 
Groundwater Board and Neyveli Lignite Corporation (N.L.C.). The borehole 
data provide much information about the nature and thickness of the 
sediments. The details of the lithological logs of the boreholes are presented 
in Appendix-IL 
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The boreholes and directions along which geological cross-sections 
have been drawn are given in Fig-4. The cross-section A-A' passing through 
Mine-1, Mine-Hand proposed Mines in north-south direction (Fig.5) and 
cross-section B-B^ drawn east-west direction i.e. from Mine-II to Seacoast 
(Fig.6). These geological cross-section gives a clear picture about sub-
surface geology and hydrogeological of the Neyveli basin. 
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Chapter-5 
REGIONAL HYDROGEOLOGY AND IMPACT 
OF DEPRESSURIZATION 
1. REGIONAL HYDROGEOLOGY 
The study area is bounded by the basement crystalhne rocks 
(Archaean age) / Cretaceous rocks in the west and in the east by Bay of 
Bengal, whereas, Northern and Southern boundaries are marked by the 
Gadilam and Vellar rivers respectively. Major part of the study area is 
underlain by Cuddalore sandstone of Late Miocene age in the north, while 
Recent alluvium deposited by Vellar river and Manimukta Nadi in the south 
and east resting over the Cuddlaore Formation in the south and eastern part 
along the Vellar river in the south. The Cuddalore Formation crop out as a 
crescentic band in the middle of the study area. Stripping generally north-
east and south-west and gently dipping towards south-east and strike in NE-
SW direction 
The Archaean basement rocks predominantly consist of bluish granite 
and Gneisses, which outcrop in the western part, referred as hard rock terrain 
and are overlain by Cretaceous, Tertiary Formation and Recent alluvium in 
the east, represent semi-consolidated and unconsolidated rock units. The 
Recent alluvium and Tertiary Cuddalore sandstone constitute principal and 
potential aquifer system the Neyveli lignite region. Neyveli ground basin 
consists of unconfmed and semi-confmed aquifer above the lignite seam 
whereas; series of powerful confined aquifer exists below the lignite seam. 
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These confined aquifers are interconnected by discontinuous layer of clay 
beds of present at variable depths within aquifer sands. 
Hydrogeological study of Neyveli Groundwater Basin had the outline 
reference in Auden, (1950) Geological Survey of India (GSI, 1954), Neyveli 
Lignite Corporation (NLC) since 1956, Sett, (1957), Baratan & 
Gowrishanakaran, (1963), Baratan, (1967), Gowrishankaran, & 
Padmanabhan, (1969), Subramaniam, (1969), Suramanian, Jayaraman, & 
Arunajadsant (1970), Gowrishankaran, & Mayyappam, (1973), 
Gowrishankaran et.al. (1976 & 80), Gowrishaankaran, (1978 & 79), 
Parthasarthy, (1982), Srinivasan, (1985), Balasudar (1988), Shiv Parasad, 
et. al. (1987 & 1993), Chakkarpani, (1986), Sampath Kumar, (1988), 
Kunhambu, (1995). National Geophysical Research Institute (N.G.R.I., 
1986) in collaboration with Neyveli Lignite Corporation had carried out 
groundwater modeling of artesian basin in 1986. Groundwater modeling of 
Neyveli Basin was also worked out by VEB-Institute Consult Berlin-former 
GDR in joint venture with Neyveli Lignite Corporation (NLC) in 1988, had 
projected the possibility of sea water intrusion in mining area due to ongoing 
large scale depressurization of Neyveli Artesian Basin for mine safety and 
economic exploitation of lignite. 
LI. NEYVELI GROUNDWATER BASIN CONFIGURATION 
Neyveli Groundwater Basin as per the present data obtained from the 
various exploratory borehole agencies and field investigations has inferred 
synclinal shape of basin. Wherein, more than 400m thick sediments of 
Tertiary deposits have been recorded in the center and punching out in the 
west of about 50.0 meter and east. However, pinching of Tertiary sediments 
51 
is more prominent and sharp in the west as compared to eastern part of the 
Neyveli Basin NLC-1968). 
In the east-west direction, it extends from Tertiary-Cretaceous 
boundary in the west to Bay of Bengal in the east, over a distance of about 
50 kms. While in the north-south direction, it extends to about 60kms 
between Gadilam and Vellar rivers respectively. Oil and Natural Gas 
Commission (1980) has carried out exploratory borehole for the search of oil 
and gas inside the Bay of Bengal, showing the evidences of marine 
extension of Neyveli Groundwater Basin. It is difficult to demarcate the 
marine extension of Neyveli Groundwater Basin because of the lack of 
sufficient offshore boreholes in the region. A generalized hydrogeological 
cross section of Neyveli Artesian aquifers is given in Fig. 7. 
The lithological data collected from various exploratory borehole 
agencies are utilized to delineate the sub-surface geology and 
hydrogeological framework in the study area. The top and bottom of the 
lignite seam within Lignite Field and also the top of the water bearing 
Cuddalore Formation in the entire area is more or less clearly determined. 
While the bottom of the Cuddalore could not be demarcated so clearly due to 
absence of sufficient deep borehole data penetrating the whole thickness of 
aquifer sands in the central part of the Lignite Field and also east of it. The 
thickness of Cuddalore Formation in the central parts of the basin had to be 
projected more than 400m depths on the basis of the some deep borehole 
data in the west and only deep borehole at Alpakkam in the east. 
Geophysical survey was carried out by Kailasam (1962) had inferred 
depth of about 1525m thick sediments of Tertiary deposits in the Neyveli 
Basin. Results of seismic survey of study area shows eastward and 
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having maximum thickness (400m?) in the central part of the basin. At 
Kottavachari, a borehole drilled the entire thickness of about 213m are 
marked by Recent deposits. It has not been encountered in the region either 
west or north of this borehole, which indicate a possible pinching of 
Cuddalore Formation north Kurinjipadi. At Alapakkam, the water bearing 
Cuddalore is notice only 15.0m thick. Due to lack of sufficient deep 
borehole data in the eastern part of the Neyveli Artesian Basin pose 
difficulty to demarcate basement configuration of Neyveli Groundwater 
Basin and thickness of water bearing horizon. In order to know the extent 
and thickness of water bearing horizon, structure of basin, study of salt and 
fresh water interface, hydrological regime, impact of opencast lignite 
mining, associated industries, etc. need to setup observation wells from east 
of the lignite mines towards seacoast at fixed interval and entire thickness of 
Cuddalore Formation. It also helps in the estimation of quantitative and 
qualitative of the Groundwater potentials for the future developments. 
1.2. HYDROGEOLOGICAL SETTING 
The hydrogeological set up of the study area is extremely complex 
and has very few parallel in the world in terms of complexity and 
magnitude. A deep water table condition exists in the western part of the 
basin and is called recharge area of Neyveli aquifers. The western boundary 
of Recharge area is marked by Cretaceous-Tertiary contact, which has 
hydraulic discontinuity with Tertiary Formations and eastern boundary by 
36m water table contour (G.S.I., 1956). 
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L .N 
Neyveli Artesian Basin bounded by crystalline roCKs (Archaean age) / 
Cretaceous rocks in west and in the east by Bay of Bengal. Gadilam and 
Vellar rivers mark the north and south boundaries respectively. 
In the investigated area, principally three types of aquifers are noticed 
viz. unconfined, semi-confined and confined aquifer. Wherein, unconfined 
and semi-confined aquifer occurs above the lignite seam and multi layer 
power full confined aquifers the lignite seam. 
1.3. HYDROGEOLOGICAL FRAMEWORK 
The study area occupying part of the coastal sedimentary track of 
Tamil Nadu coast which consists of two main hydrostratigraphic units 
comprising unconsolidated Tertiary Formation (i.e. Cuddalore sediments) 
and Recent alluvium forming potential water bearing horizon in the Neyveli 
Artesian Basin. Whereas Cuddalore Formation consists of argillaceous 
sandstones, pebble bearing sandstones, ferruginous sandstones, grits and 
clay beds of Late Miocene Age. In which groundwater occurs as artesian to 
sub-artesian condition in nature in the Recent alluvium occurs as water table 
condition. 
In the lignite field, Cuddalore sediments were divided into upper and 
lower unit by lignite seam. The upper Cuddalore consists of lateritic sands, 
clays, sandstones, lignite, etc. formed Phreatic and Semi-confined aquifers. 
Whereas the lower Cuddalore units lies below the lignite seam, consist of 
medium to coarse grains sands, granule to clayey sands forming powerful 
multi-layer confined aquifers. 
The alluvial deposits of Recent origin consist of various type of soil, 
brown sand, lateritic gravels, etc. are formed by weathering of Cuddalore 
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sandstones. The alluvial sediments deposited by Vellar and Manimuktanadi, 
and east of mines formed another potential aquifers. 
Hydrogeology of Neyveli Artesian Basin is so complicated that the 
eastern and western parts of the basin are not clearly understood as 
compared to central part, where the entire thickness of semi-confmed and 
phreatic aquifers are exposed by opencast lignite mining and existence of 
sufficient deep borehole data as well. 
In the central part of the Neyveli Groundwater Basin, (i.e. mines cut 
area) where unconfmed and semi- confined aquifers are well exposed in the 
mines pit and confined aquifers below lignite bed. Hydrogeological 
phenomenon of this zone is more clearly explicit well understood in the 
mines sections. Aquifer sands of this gigantic artesian basin and the 
associated formations including the lignite seam belong to Late Miocene 
Age. The typical hydrogeological section of mine-I and Mine-II are shown 
in Fig. 8 and 9 respectively. 
In the mine-I area, top most part comprises of 2 to 3m lateritic loam or 
silt, succeeded by 40m argillaceous sandstones formation, in which band of 
1 to 2 m thick fire clay occurs at a depth of about 30 to 35m below the 
ground level. Below the argillaceous sandstones, a bed of 1 to 2 m thick 
discontinues bed of white sandy clay succeed by 12 to 20 m thick lignite 
seam east. Lignite is homogenous in nature and of good quality. In the major 
part of the lignite area, about 1 to 2 m thick seam of gray coloured clay, so 
called Ball clay separate lignite seam from underline multi-layered aquifers 
sand. The coarse grain aquifers sand is separated by clay layer of about 1 to 
2m at variable depths up to 400m below lignite seam forming multi-layered 
powerful confined aquifers. 
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alluvium and underlain by Cuddalore Formation. It is followed by 
semi-consolidated to unconsolidated water bearing aquifers sand of about 5 
to 10m thickness succeeded by lignite seam. Below it powerful multi-layer 
confined aquifers exist. 
Within the lignite boundary, a confined aquifer occurring below the 
lignite seam has been further divided into upper and lower aquifers, which 
are separated parting clay of about 4 to 5m thick. Whereby, the upper 
confined aquifer occurring immediately below the lignite seam of about 40 
to 60 m thick and underlain lower confined aquifers comprising of300 to 
350 m thick coarse grained sands. While, only one aquifer is assumed out 
side the lignite boundary due to the notable absence of the lignite seam. 
1.4. HYDROGEOLOGICAL INVESTIGATION 
In order to study the hydrogeological condition in the Neyveli Lignite 
Field includes changes in water level, Piezometric surface, groundwater 
budget, hydrologic regime, aquifer characters, impact of opencast lignite 
mines on groundwater quality, hydrogeochemical behaviours major ions and 
trace elements in groundwater, possibility of sea water intrusion and other 
environmental aspects in response to depressurization of Neyveli Artesian 
Basin, mining and associated industrial activities. Since last four and half 
decades, massive opencast mining and large scale depressurization of upper 
confined aquifer as well as associated industrial activities such as the pit 
head thermal power plants, urea plant, braquatting and carbonization plant 
and clay washing plant, couple with increasing agricultural and domestic 
demand of groundwater year after year may also disturb the natural 
dynamics of Neyveli Groundwater Basin. 
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For such studies, systematic investigation of about groundwater 
abstraction structures sucli as dug wells; handpumps dug-cum-borewells and 
deepwells are carried out during pre and post monsoon periods, July -2002 
and Januaiy-2003 respectively. The locations of observation wells are shown 
in Fig. 10 and hydrogeological data of pre-and post-monsoon (2002-2003) 
periods is given in Appendix-Ill. 
These hydrogeological data are utilized in the preparation of depth to 
water level maps, water level fluctuation maps and water table contour maps 
for the period of 2002-2004, help in delineating area of recharge, discharge, 
movement of groundwater, change in groundwater budget and potential 
source area for future groundwater development. 
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2. GENERAL AQUIFER CHARACTERISTICS 
For the detail investigation of hydrogeological characteristics of a 
groundwater basin, it is vital to conduct pumping test to determine the 
various aquifer parameters viz. Hydraulic Conductivity (K), Strong Co-
efficient (S) and Transmissibility (T), etc. Thereby, help to understand the 
behavior of aquifer system and hydrodynamics of Neyveli Groundwater 
Basin. 
In the study area, the Geological Survey of India (GSI) between 1956 
and 1960 to estimate hydrological parameters viz. T, K and S which help to 
determined the following things conducted multi and single tests pumping: 
• To gain a better insight of hydrodynamics of the Neyveli Artesian 
Basin. 
• To delineate the aerial extent and impact of large scale dewatering of 
aquifers on groundwater budget and hydrological regime. 
• To reveal the economic feasibility of depressurization of aquifers. 
• To design, plan and effectively operate groundwater control 
programme for mine safety. 
2.1 HYDROGEOLOGICAL PARAMETERS UNDER 
UNDISTURBED CONDITIONS 
The result of pumping test conducted prior to large-scale 
groundwater control operation in the Neyveli Lignite Field by Geological 
Survey of India during 1956tol960 is given below: 
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2.1.1 UPPER CONFINED AQUIFER 
Average thickness : 35 to 45m 
Porosity :35% 
Cuddalore Formation : unconsolidated sands with admixture of pebble-
gravel and gravel sands. 
: very coarse to medium grained sands, 
predominantly coarse grained. 
: well sorted. 
: ranges between 2x10"^ and 5x10"^ m/sec. 
: range between 1600 to 1871 m Vday 
Grain size 
Nature of sorting 
Permeability 
Transmissibility (T) 
Storage Co-efficient (S): 2.77 x 10"^  to 5.3 x 10"^  
Artesian pressure 
Static pressure head 
: 50 to 100 tonnes/m^ 
: (a) +30 m above mean sea level (amsl) in mine-I 
(prior to commencement of mining, 1961). 
(b) +15 to +16 m amsl in mine-II area (prior to 
commencement of pumping operation, 1982). 
Pressure surface gradient : towards east, sloping 1 in 1000m in, 1961. 
2.1.2 LOWER CONFINED AQUIFER 
This aquifer occurs below the upper confined aquifer and is separated 
from the same by a more or less continuous clay seam of about 5 m thick. In 
this zone only couple of pumping tests were conducted to estimate the 
hydrogeological parameters. The result of the pumping tests is given below. 
Thickness : 300 to 350m 
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Cuddalore Formation : unconsolidated coarse sands with admixture of 
pebble-gravel and granule sands and fine sands. 
Grain size : pre-dominantly coarse grain sands. 
Nature of sorting : well sorted 
Permeability (K) : 7.0 x 1 t o 13.0 x 1 m / s e c 
Transmissibility (T) : 5200 to 3 517 mVday 
Storage Co-efficient (S): 3.1 x lO"* to 2.8 x 10"* 
Artesian pressure : equal to upper confined aquifer (prior to 
commencement of mine-I, 1961). But after 
massive depressurization of upper confined aquifer 
for mine safety resulting sharp variation in 
piezometic surface between upper and lower 
confined aquifers. Thereby, higher surface 
observed in the lower confined aquifer as 
compared to upper confined aquifer because of 
depressurization takes place only from upper 
confined aquifer while lower confined aquifer are 
fully protected. 
2.1.3. SEMI-CONFINED AQUIFER 
The semi confined aquifers lies above the lignite seam and occurs in 
the southern part of Mine-II area while absent in the Mine-I area. It is of 
lesser magnitude both in terms of thickness and areal extent as compared to 
the confined aquifer lying below lignite seam. 
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The pumping tests of semi confined aquifers were carried out by 
Balasundar(1968) and Gowrisankaran (1978 & 1979) are given below: 
Average thickness 
Cuddalore Formation 
Grain size 
Nature of sorting 
Permeability (K) 
Transmissibility (T) 
Storage Co-efficient (S) 
Static pressure surface 
2.2. 
: 6 m (maximum thickness 10m) 
: loose and unconsolidated sands with 
admixture of sandy clays. 
: 0.2 to 0.4 mm(Fine to medium grained, 
pre-dominantly silty). 
: well sorted. 
: 1 X 10"* to 2 X 10"* m/sec 
: 178 mVday 
: 3 X 10"* 
: +18 to 19 m (prior to commencement of 
pumping operation in Mine-II, 1982). 
HYDROGEOLOGICAL PARAMETERS UNDER 
DISTURBED CONDITION 
The pumping test conducted under disturbed conditions in the semi-
confined aquifer and confined aquifer (Gowrisankaran et al, 1989, 
Jayaraman et al 1990, Prasad, unpublished Ph. D thesis, 1993) shows slight 
deviation of aquifer parameters from undisturbed conditions (i.e. prior to 
commencement of large scale pumping operations, 1961). 
Results of pumping test conducted under heavily disturbed upper 
confined aquifer shows Transmissibility (T) values range between 11158.0 
and 1483.0 mVday and Storage Co-efficient (S) values range between 1.5 x 
lO'"^  and 4.9 x lO"'* (Gowrisankaran et al 1989). Whereas prior to large scale 
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pumping operations, Transmissibility (T) value varies from 1600 to 1874 
mV day and Storage Co-efficient (S) range from 2.77 x 10"^  to 5.3 x 10'"^  
(GSI 1956 & 1960). 
However, pumping test conducted in a semi confined aquifer under 
highly disturbed condition has shows Transmissibility (T) values range from 
131 to 141 vci I day and Storage Co-efficient (S) values were around 
3.9 X 10""^  (Prasad, 1993). While T value was estimated about 178.0 m^ / day 
and Storage Co-efficient was about 3 x 10""^  prior to large scale pumping 
operafion (Balasundar 1968, Gowrisankaran 1978). 
The above observed hydrological conditions, prior to mining 
operation and thereafter shows contradictory value of T with the theoretical 
concept of constant value of T in an aquifer. Reasons for such variations/ 
deviafions of aquifer parameters may be due to the radical changes in the 
aquifer system from hydrostatic to hydrodynamic state. It is also due to 
heavy dewatering of both confined and semi-confined aquifer, oozing / 
seeping from exposed parts of semi-confined aquifer in the mine-II area. 
Thus, it could be inferred from the result of pumping tests conducted prior to 
pumping operafion and thereafter, change in aquifer state (i.e. from 
undisturbed to disturbed condition) has influenced the aquifer parameters. 
3. GROUNDWATER RECHARGE 
Groundwater recharge is one of the most important parameters for 
groundwater resource management (Scanlon & Cook, 2002). However, field 
techniques exist to estimate recharge, such as infiltration, environmental 
isotopes and Darcy's law estimations, etc. While groundwater recharge 
remains an elusive quantity subject to large-scale spatial variability and 
uncertainty. 
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The main source of recharge to the Neyveli Groundwater Basin is 
direct infiltration of rainwater in the recharge area. Aquifers in the study area 
are interconnected vertically and laterally due to break in the clay bed 
separating them lies in the west of lignite mines. They have common 
discharge area extended from Gadilam river near Panruti in the north to 
beyond Manimukta and Vellar river in the south. It has covered an area of 
about 450 sq. Km and trending NE-SW. the rainwater in the recharge area 
directly feed the Neyveli Aquifers. The depleted upper confined aquifer also 
feed from the lower confined aquifer under certain favourable geological 
conditions such as differential head between lower and upper confined 
aquifers, and slow and steady seeping form semi confined aquifer and 
unconfined aquifer from top of the depleted upper confined aquifer. 
Geomorphologically, major part of the recharge area is high ground 
with flat topography slopping gently to the south, north west and east, where 
badland topography occur in the area north, north west and east in the 
recharge area. The major part of the recharge area covered by thick sandy 
soil of high infiltrafion capacity. The previous Cuddalore sandstones 
exposed in the recharge area have hydraulic continuity with the confined 
aquifer in the lignite field. Due to high permeable nature of the Cuddalore 
sandstones results rapid sink of precipitation and sheet from down dip to a 
great distance fi-om recharge to discharge area with ease and relatively little 
loss of head. The area of recharge is demarcated by 36m water table contour 
in the east and west by Archean and Cretaceous boundry (GSI, 1958). In the 
recharge area, Cuddalore sandstones are highly permeable in nature and of 
less clay material as compared to eastern part of lignite mines. 
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Hydrogeologists in the Neyveli Lignite Basin have long sought to 
dehmit the recharge area to estimate the total amount of recharge and enable 
to work out groundwater budgeting of Neyveli Basin. However, quantum of 
recharge has been worked out by using certain well known indirect methods 
(i.e. balanced condition method and lose or gain in storage method) based on 
water level fluctuations in the recharge area and correlating them with the 
average rainfall of the area, pumpage from lignite mines and discharge for 
irrigation, industrial and domestic uses. 
The rainwater is only source of recharge to Neyveli Basin because no 
major and perennial rivers draining the area. Recharge to Neyveli Basin is 
highly variable due to erratic nature of Indian monsoon. The recharge rate 
estimated varies from 90 to 200MCMA^, whereas long-term mean value of 
groundwater recharge is SIMCMA:". Recharge rates in the Neyveli aquifer 
had estimated by using environmental isotopes ( Sukhija, et. al. 1994). The 
groundwater budgeting of Neyveli Basin had estimates a defeat of 163.00 
MCM (i.e.l0.85MCMAf) for the period of 1961-1975 (Gowrisankaran, et. 
al., 1975). Neyveli Lignite Corporation in collaboration with National 
Geophysical Research Institute, Hyderabad and Indian Institute of 
Technology(IIT), Madras had estimate ground water budget deficit of about 
SOMCMA' in for the year,2000 (NLC-report 2002). The groundwater budget 
deficit may frirther increase with the expansion of Mine-I and Mine-II, life 
expansion of Thermal Power Plant I and II and proposed Thermal Power-Ill 
as well as fast growing industrialization, urbanization and rapid expansion of 
water intensive crop cultivation (i.e. sugarcane and paddy) in the area. 
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4. GROUNDWATER DISCHARGE 
Neyveli Artesian Basin was tapped for irrigation purposes even before 
the commencement of large scale pumping operation at Neyveli for lignite 
mining in July 1961. The artesian wells were the principle source of 
groundwater discharge. They were distributed over a distance of 32.00 Km 
from the center of pumping at Neyveli mines. Prior to groundwater control 
operation, there were about 180 flowing wells in the area and by 1987, all 
the free flowing wells ceased. It was mainly due to large-scale 
depressurization of Neyveli aquifer for lignite mining. 
Since the commencement of large-scale depressurization, 1961 of 
Neyveli aquifers, about 2764.44 MCM and 1362.24 MCM of water have 
been pumped out by 2000 from Mine-I and Mine-II respectively. The annual 
discharge of groundv/ater and storm water from mine-I is given in appendix 
IX and Fig. 11. The entire pumping for groundwater carried out mainly from 
upper confined aquifer. While other sources of discharge like water supply 
wells for Neyveli township and adjoining villages, irrigation and industrial 
purpose also contribute in the total draft from the Neyveli Basin. 
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Fig. 11: Average annual pumping of groundwater (1961-2001) 
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5. DEPTH TO WATER LEVEL (PRE MONSOON-2002) 
A study of depth to water level map of pre-monsoon-2002(Fig. 12) 
and Appendix-III reveals that the depth to water level of Phreatic aquifer in 
the investigated area ranges between 27.87 and 0.90 m below ground level 
(bgl). Deepest water level has been noticed in the north, north-west and west 
(i.e. at Kularankuppam, Reddipalayam, Kattugudalore, Toppiankulam, 
Talampattu, Kunjikuppam, etc) which demarcate the recharge boundary of 
Neyveli Groundwater Basin. Wherein water level occurs more than 20.0 m 
bgl and at places recorded more than 45.0 m bgl. 
Shallow water table recorded in the eastern and south eastern parts 
(i.e. at Vadalore, Kalkumam, Aduragram, Kannadi, Puliyur, Bhaunagiri, etc) 
of the study area. Where water level occurs less than 5.00 m gbl While 
shallowest water level (i.e. < 2.00m) were noticed at eastern, western and 
southern vicinity of lignite mine. The rise of water level in the vicinity of 
lignite mines are mainly due to seepage of mine water discharge into 
surrounding agricultural fields, natural and artificial drainage, lakes, and also 
from Thermal Power Plants, reservoirs and fly ash ponds. In general, depth to 
water level increases towards north-west and decreases towards south east 
and east of lignite mines. 
The summary of depth to water level data is given in Table-XL It is 
observed from the Table-XI that during pre-monsoon period, 12.94% of 
wells fall between depth range of less than 2.00 m gbl, 17.64% between 2 
and 5 m gbl, 34.11% between 5 to 10 m gbl, 10.58% between 10 and 20 m 
gbl, 8.23% more than 20 m gbl and 47% wells were dried. 
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Table-XI: Number of wells in different ranges of water level depths 
(pre-monsoon, 2002) 
Range of depth to water 
level (mbgl) 
No. of dug wells in each 
range 
% Area of each category 
to the total area 
<2.00 11 12.79 
2.00-5.00 15 17.44 
5.00-10.00 29 33.72 
10.00-20.00 8 9.30 
> 20.00 9 10.46 
Dry wells 14 16.27 
Total =86.00 100% 
6. DEPTH TO WATER LEVEL (POST-MONSOON, 2003) 
Depth to water level map of post-monsoon-2003 (Fig. 13) and 
Appendix-Ill, shows depth to water level varies from 28.60 to 0.60 m below 
ground level (bgl) in the study area. Deeper water table lies in the north-
west, north and west, where the depths to water level more than 20.00 m bgl 
were noticed. Whereas, shallow water table occurs east and south east, 
having depth to water level less than 5.00 m below ground level (bgl) in the 
investigated area. 
Summary of the depth to water level data of post-monsoon-2003 is 
given in Table-XII. It is observed that during post-monsoon period, 7.05% 
wells lies in the depth range of less than 2.00 m bgl, 24.70% between 2.00 
and 5.00 m bgl, 31.76% between 5.00 and 10.00 m bgl, 8.23% more than 
20.00 m bgl and 18.82% wells are dried. 
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While comparing depth to water level of pre-monsoon-2003 and post-
monsoon-2003, shows maximum decreases in percentage of wells (i.e. from 
12.94% to 7.05%) have been recorded in the depth to water level less than 
2.00 m bgl. It is followed by depth range of 5.00 to 10.00 bgl (i.e. from 
34.10 to 31.76%), and 10.00 to 20.00 m bgl (i.e. from 10.58 to 9.41%), 
whereas, maximum increase in percentage of wells between depth range of 
2.00 to 5.00 m bgl (i.e. from 17.64 to 24.70%). There has been no change in 
percentage of wells having depth to water level more than 20.00 m bgl. 
Table-XII: Number of wells in different ranges of water levels depth 
(post monsoon, 2003) 
Range of depth to water 
level (mbgl) 
No. of dug wells in each 
range 
% Area of each category 
to the total area 
<2.00 6 6.97 
2.00-5.00 21 24.41 
5.00-10.00 27 31.39 
10.00-20.00 8 9.30 
>20.00 8 9.30 
Dry well 16 18.60 
Total =86.00 100% 
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7. SEASONAL FLUCTUATION IN WATER LEVELS 
Water level fluctuations in an area are due to net withdrawals of water 
from or addition to groundwater basin. The fluctuation in groundwater levels 
is the result of combined affect of hydro- meterological, geomorphological 
and lithological characteristics and excessive withdrawal by human 
activities. Fluctuations in water level indicate both changes in actual quantity 
of water storage in groundwater basin and movement of groundwater. 
In the Neyveli Groundwater Basin, recharge take place mainly due to 
precipitation. Whereas, irrigation and mine water return flow, seepage from 
two huge water reservoirs of Thermal Power Plants and fly ash ponds also 
responsible to recharge the Neyveli aquifer. The ongoing large scale 
depressurization of upper confined aquifer below the lignite seam and 
dewatering of semi-confined and Phreatic aquifer above lignite seam for 
safety and economic lignite mining are the principal sources of discharge 
and irrigation and industrial uses of water may also contribute significantly 
to water level fluctuation in the study area. 
Water level fluctuation map (Fig. 14) has been prepared by utilizing 
depth to water level data collected during pre-monsoon-2003 and post-
monsoon-2003. Summary of number of wells falling in different ranges of 
water level fluctuations and their percentage is given in Table-XIII. It is used 
to depict the different zones of fluctuation in the study area. 
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Table-XIII: Number of wells in different ranges of water level 
fluctuation (pre-monsoon-2002 & post-monsoon-2003) 
Rise/ Fall Range of 
fluctuation (m) 
No. of well in 
each range 
Percentage of 
the total area 
Remarks 
0.00-0.50 16 18.60 
Rise 0.50-1.00 14 16.27 Max= 3.60m 
1.00-1.50 8 9.30 Min.= 0.06m 
1.50-2.00 5 5.81 
> 2 . 0 0 2 2.32 
0.00-0.50 1 1.16 
0.50-1.00 7 8.14 Max=3.64m 
Fall 1.00-1.50 5 5.81 Min =0.40m 
1.50-2.00 2 2.32 
> 2 . 0 0 8 9.30 
Dry wells — 18 20.93 
Total= 85.00 Total =100% 
It is observed from the salient data of water level fluctuations; about 
53% and 47% of the study area registered rise and fall in water levels 
respectively. Wherein, major part of the area recorded water level 
fluctuations in the range of 0.00 to 2.00 m and only 2.35% of the area 
noticed to have water level fluctuation more than 2.00 m. A positive 
seasonal fluctuation is noticed in north, west, south and east of lignite mine 
areas. Dug wells tapping Recent alluvium and Tertiary sediments shows 
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quick response to precipitation through significant rise in water levels. 
Whereas, deeper confined aquifer takes several months to show their 
response to precipitation. Maximum positive seasonal fluctuation is noticed 
around Periyakapakullam area i.e. north of Neyveli township. It may be due 
to occurrence of clay bed at depths of 25.00 to 33.00 m bgl over an area of 
30.00 sq. Km, which act as perched water table zone in the Cuddalore 
Formation. Another positive seasonal fluctuation zone occurs around 
Naduveerapattu. The rise in water level adjacent to lignite mining area may 
be the result of seepage from pumped out mine water in the agricultural field 
and into local drainage as well as seepage from thermal power plant 
reservoirs and fly ash ponds. 
A negative seasonal fluctuation has been registered in 47% of the 
area, where maximum negative seasonal fluctuation has been registered in 
the depth range of more than 2.00 m, which accounts for 9.41% of the area 
followed by 7.50% in the range of 0.50 and 1.00 m. while dry open wells 
recorded about 21.18% of the area. It clearly explains the declining trend of 
water level in the major part of the study area even during post monsoon 
period. The second major negative seasonal fluctuation area noticed in the 
Cretaceous Formation around Irusalakkuppam, Palakolai, Gopurapuram and 
Ko-Puranur, There are also several isolated patches of negative fluctuations, 
which have been noticed around Cuddalore town and Sangolikkuppam in the 
coastal belt. It is the result of fast pace of urbanization and industrialization 
along the Cuddalore Coast. Negative fluctuations registered south -west and 
south of Mine-II and in the area between Mine-I and Mine-II around 
Mandarkuppam, Ask Nagar and Sepalanathan. It is due to large scale 
dewatering of water table aquifer and semi-confined aquifer as well as 
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depressurization of artesian aquifer. A small pocket of negative seasonal 
fluctuations is also registered around Panruti town. 
In general, recession of water level in post-monsoon period over a 
major part of lignite regions are the result of ongoing large scale 
depressurization of confined aquifer and dewatering of semi confined and 
Phreatic aquifer coupled with growing demand for agriculture and industrial 
sectors. 
8. LONG TERM FLUCTUATIONS IN WATER LEVEL 
Study of long-term fluctuations in water levels reveal the impact of 
ongoing large scale pumping of ground water on hydrological regime, 
groundwater flow dynamics, aquifer system and behavior of water table in 
the Neyveli Groundwater Basin. 
Depth to water level data from Central Groundwater Board (CGWB-
1990) for the month of February, 1987 (Appendix-IV) and water level data 
collected during same month, 2003, have been utilized in the preparation of 
long term water level fluctuation map (Fig. 15). It is observed fi-om the long-
term fluctuation map and summarized data of water level fluctuation Table-
XIV shows that 85% of the area noticed the recession of water levels with 
maximum at Soradakuzhi (27.05). The open wells in south of the Gadilam 
river lying between latitude,(l 1°40'-11°45') and longitude( 79°25'-79®35') 
and also area between Manimuktanadi and Vellar rivers noticed large 
number of wells were dried up, thereby indicating a decline in water levels. 
Maximum decline ( > 10 m) of water level recorded around Soradakuzhi and 
Kattugudalore ( >10m) in the north-east and north-west of lignite mine 
respectively. There are several small patches of negative water level 
fluctuations recorded around south-western part of mine-II (i.e. at 
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Krishnakuppam, Talamppattu, Kunjikuppam, Alapagasamudram, 
Kacharanganatham and Virareeddikuppam). 
However, in the area laying north-west, east and south-east of lignite 
mine fringe noticed a local rise in water level ranging from 0.10 to 3.34 m 
and spreading over an area of 60 sq. Km. Whereas, maximum rise in water 
level registered around U Agram and Palakoli ranging more than 3.00 m. 
Rise of water level also recorded at Kollakudi, Vadalur, Aduragram, 
Kalaiyankuppam and Parangipettai. Most of the wells around mining fringe 
area showed a progressive rising trend of water level. These local rise in 
water levels may be due to seepage of water let out into the drainage 
channel, agricultural field, ponds, etc from mine pits and pumping from 
upper confined aquifer as well as infiltration from flyash ponds and thermal 
power plant reservoirs. 
In general, majority of wells shows a progressive falling trend in 
water levels which are mainly due to ongoing large scale pumping of ground 
water from Mine-I and Mine-II since 1961 and 1982 respectively. Wherein, 
Mine-I alone discharge about 71 MCIvW and nearly same quantity from 
Mine-II. The intensive cultivation of water intensive crops (i.e. paddy and 
sugarcane) and industrial use may also contribute significantly in lowering 
of water table in the study area. 
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Table-XIV: Number of wells in different ranges of water level 
fluctuation (febraury-1987 and febraury-2003) 
Rise /Fa l l Range of 
fluctuation (m) 
No. of well in 
each range 
Percentage of 
total area 
Remarks 
Rise 
0.00-2.00 11 12.79 Max.= 3.45m 
Min.=0.10m 2.00-4.00 2 2.32 
> 4 . 0 0 
Fall 
0.00-2.00 22 25.58 Max. 
=27.05m 
Min.= 0.37m 2.00-4.00 18 20.93 
> 4 . 0 0 18 20.93 
Dry wells 15 17.44 
Total=86 Total^lOO 
9. GROUNDWATER MOVEMENT 
Groundwater is in constant motion from a point of recharge to a point 
of discharge in accordance with the laws governing fluids flow through 
porous medium. In unsaturated zone, groundwater moves downward under 
the influence of gravity while in saturated zone flow is governed by 
hydraulic gradient. 
The studies of the regional flow of groundwater in an area play an 
important role in exploitation, exploration and conservation of groundwater 
resources (Sharma and Swamy, 1986). In general, groundwater flow is the 
function of spatial variation in topography, lithology, climate, hydraulic 
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conductivity, thickness of aquifer, storage co -efficient, amount of recharge 
and discharge, etc. 
9.1. WATER TABLE CONTOUR 
The water table contour maps provide valuable information regarding 
pattern of groundwater circulation, hydrological regime, direction of 
hydraulic gradient, area of discharge and recharge and the nature of streams 
draining in the investigated area. In water table counter maps, area of 
recharge is inferred from divergence of flow line whereas convergence of 
the line indicates area of discharge. 
The water level data of the observation wells collected during pre-
monsoon-2002 and post-monsoon -2003) have been utilized for the 
preparation of water table contour maps of 10 m contour interval, after 
subtracting them from reduced levels of measuring point. The detail of water 
level data of pre-monsoon and post-monsoon is given in Appendix-Ill and 
water table contour maps in Fig. 16 and Fig 17. 
The pattern of groundwater circulation, slope of hydraulic gradients, 
groundwater regime of shallow aquifer in the Neyveli Basin can be inferred 
from water table counter maps shown in Fig. 16 & 17. A perusal of the water 
table contour maps of pre-monsoon-2002 and Appendix-III, shows that the 
elevation of water table range between 84.37 m above mean sea level (amsl) 
at Kottarakuppam in the north-west and 0.76 m. above mean sea level (amsl) 
at Parangapettai in the south-east of investigated area and same trend has 
also been observed during post-monsoon period -2003. It reveals that the 
hydraulic gradient gradually decreases from west to east, and from north-
west to south-east as well. 
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Hydraulic gradient in the recharge area around Kottarakuppam, 
Kothugudalore, Reddipaiyam, Kularankuppam ranged between 1.60 to 2.10 
m/Km. However, closely space contour line noticed in between eastern limit 
of recharge area and west of lignite mines, inferred a veiy steep hydraulic 
gradient (i.e. > 2.50 m / Km). It may be due to continuous heavy pumping of 
groundwater from mine-I and mine-II. While widely spaced contour line 
observed in the south, south-east and east shows gentle hydraulic gradient, 
whereas the hydraulic gradient varies from 0.20 to 1.00 m. In the Mine-I and 
Mine-II area, a huge groundwater trough over an area of 50.00Sq.Kjns.has 
developed as a result of massive depressurization of Neyveli aquifer system 
since July 1961. 
In major part of the area, the groundwater flow is towards east and 
south-east direction except in the northern fringes where the flow is towards 
north and north- eastern direction with a gentle gradient. However, form and 
shape of water table contour map does not show any significant changes 
during post-monsoon period. 
10. PIEZOMETRIC SURFACE CONTOUR MAPS: (JULY-2002) 
The water level extended through the static water level of the deep 
tubewells tapping an aquifer is referred as piezometric level (Karanth, 1987). 
Study of piezometric surface reveals the impact of ongoing large scale 
depressurization of confined aquifer at Mine-I since 1961 and semi-confmed 
and confined aquifer at Mine-II since 1983, on hydraulic regime, storage co-
efficient, etc. in Neyveli aquifer system. The Central Groundwater Board 
(C.G.W.B.), Neyveli Lignite Corporation (N.LC.) and Groundwater 
Division of Govt, of Tamil Nadu have constructed number of piezometres 
tapping confined aquifer at various depths since groundwater pumping 
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commence for safe lignite mining. Tiie details of the piezometric surface of 
the corresponding aquifer are given in Appendix-V. A piezometric contour 
map has been prepared for the month of Feb. 2002 by utilizing pressure 
surface data of government agencies (CGWB and NLC) and shown in 
Figl8. 
A perusal of the piezometric contour map (Fig. 18) and Appendix-V 
indicates that the deepest piezometric surface recorded at Mine-II 
(72.42m.bmsl) and Mine-I (61.80m.bmsl) during 2002. Thus, the increasing 
pressure surface outward from the lignite mines center resulting 
development of large cone of depression spreading over an area of about 
350.00 Sq. Km in a elliptical shape. The trend of the cone of depression is 
towards NE-SW direction, which indicates a negative boundary, in the west 
of lignite mine. Which is further confirmed by hydraulic discontinuity 
between Cretaceous and Tertiary Formations and also still existence of free 
flowing wells in the Cretaceous Formation in the west of the recharge area. 
It is observed from the piezometric contour map (Aug 2002) that the 
hydraulic gradient is towards east and southeast except around Neyveli 
lignite mines in the study area. In the lignite mining area where reversal of 
gradient was observed due to heavy depressurization of Neyveli aquifers for 
economy and safety of mines. In the east of mines, hydraulic gradient was 
noticed westward. The hydraulic gradient of the piezometric surface in the 
zone of influence of pumping around Neyveli area is given in Table-XV. 
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T a b l c - X V : H y d r a u l i c G r a d i e n t in t h e s t u d y a r e a 
Area Hydrau l i c g rad ien t (m/Km) 
Western side 2.00 
North-western side 5.00 
South-western side 1.00 
Eastern side 3.00 
Hydraulic gradient in the mining area ranges from 6 to 4 m/Km while 
decreasing outward were noticed between 0.60 and 0.80 m/Km. Hence, 
hydraulic gradient gradually decreasing outward from the center of the 
mines and mark the zone of influence of pumping. The rate of decline of 
piczometric surface in the mining area is recorded more than 2.50 m/y while 
0.50 to 1.50 m away from mining zone. 
On comparing the piezometric surface data that prevailed during the 
pre-mining period i.e. 1956(GSI, 1968) and of the year, 1986 i.e. after 
opening of Mine-II (C.G.W.B.-1995) in the Neyveli Lignite Field. The 
piczometric surface data recorded by Govt, agencies i.e. Central 
Groundwater Board (C.G.W.B.), Neyveli Lignite Corporation (N.L.C.) and 
Groundwater Division of Tamil Nadu, India. The details of piezometric 
surface data of 1956 and 1986 are given in Appendix-V. The peizometric 
map ol" 1956 and 1986 are given in l-"ig. 19 & 20 respectively. 
The status of pic/ometric surface prior to lignite mining (i.e. 1956) 
and in 1986, inferred from the piczometric surface contour maps and 
Appendix-V that the pressure head south of village, Neyveli were noticed 
several meters above ground surface. The large number of naturally free 
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flowing wells (i.e. Artesian wells) were concentrated around Aziznagar, Old 
Neyveli, Karuvati, Siruvarappur, Shatiatope, Kammapuram, Vellaiyamdevi, 
Kavanur, Managati, Periyakupppam, Penindurai, etc. The discharge of the 
flowing wells varies from 0.23 to 4.55 m^/minute. The pressure gradient of 
the water in the confined aquifer were about 75 to 95 cm/km except in the 
flowing wells area where it was about 1.33 m/km. These free flowing wells 
were the principle source of irrigation even before lignite mining in the 
investigated area. 
Movement of groundwater inferred from the shape of the piezometric 
contour map (Fig. 19) shows southward movement from south of village, 
Neyveli, wherein large cone of depression was observed around Penundurai, 
spread over an area of about 518 sq. Km. About 180 free flowing wells were 
reported (Gowrisankar, et al, 1970). The cumulative discharge of these 
flowing wells were estimated and presented in Table-XVI and Fig.21. 
Table-XVI: Cumulative Discharge of free flowing wells 
Year Cumulative discharge 
M C M / Y e a r 
No. of Free flowing 
tubewells 
Depth range (m) 
] 956-57(pre-niining period) 52.37 145 00 61 0-150 00 
1960-61 (commencement of pumpmg, Mme-1) 63.00 180 00 61 00-150 00 
1975-76 16 00 40 00 61 00-150 00 
l98l-82(commencement of pumpmg, Mme-i i) 5.80 A fc« 61 00-150 00 
1986-87 Nil Nil -
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Fig.l9: Piezometric surface contour map (1956) 
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Fig.20: Piezometric surface contour map (1986) 
93 
> 
o 
2 
4 0 -
3 0 -
2 0 -
10 -
0 
I^iJ—I 
68 69 7 0 71 72 73 IL 75 75 77 78 79 8 0 81 82 83 84 85 86 87 88 
Year 
Fis .2 l : Artesian out How 
94 
From the study of the above Table-XVI and Fig. 21 reveals that the 
number of the free flowing wells and rate of discharge from them had 
reduced considerably since 1961 and ceased by 1986-87. By 1987, all the 
iVee llowing wells tapping Cuddalore aquifers had ceased and consequently 
irrigation over large area was affected. Further, the water levels in the sub-
Artesian wells had declined steeply and most of the medium and deep tube 
wells had failed. The shallow filter point wells on either side of 
Virdhachalam-Chidambaram road are also failing in large number. Where 
dug wells were converted into dug- cum- bore wells due to sink of water 
level. To keep pace with the falling water level, dug portion of wells were 
used as platform to place the centrifugal pump and deepened several meters 
and llnally forced to change the centrifugal pumps to submersible because of 
the increase in total head. This poses extra financial burden to farmers to 
keep fast changes of groundwater pumping system with falling piezometric 
surface. This is an important adverse development after commencement of 
the mining operations in the study area. 
Summary of statistical analysis of peizometric data of 1956, 1986 and 
2002 are given in Appendix-VI. There is a general decline in piezometric 
surface ranging from 52.26 to 4.62 meters and 50.42 to 7.90 meters during 
1956-1986 and 1986-2002 respectively. The rate of decline of piezometric 
surface varies from 1.67 to 0.25 m/year (1956-1986) and 3.15 to 0.49 m/year 
(1986-2002). The sharp increase of rate of decline of piezometric surface in 
the last one and half decades (1987-2002) are due to expansion of Mine-I, 
Minc-II, opening of Mine-IA, fast industrialization rapid expansion of water 
intensive crops cultivation in the study area. A maximum drop in 
piczomctric surface was noticed at mine-II (99.02m) and Mine-I (95.80m) 
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over a period of five decades (during 1961-2002). The piezometric surface 
dipped up to -72.42 and -62.80m below mean sea level (bmsl) at Mine-II and 
Mine-I respectively. The average drop of pressure surface in the Mine-I 
between 1991 and 1999 is given in Appendix-VII & Fig. 22. 
It is well evident from the piezometric contour maps (Fig 20 & 21) 
that the reversal of the hydraulic gradient observed in the east of Neyveli 
lignite mines with average hydraulic gradient ranging between Sm/km and 
0.50m/km. The ground water cone was recorded around village, Penundurai 
prior to massive groundwater control operation since 1961, had shifted 
towards north at present lignite mining area. Wherein, reversal of 
groundwater regime can be attributed to on going larger scale 
depressurization of Neyveli aquifer for mine safety. 
96 
Mine-I 
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-•-Pressure surface' 
Fig. 22: Pressure surface bmsl (m) 
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11. IMPACT OF LARGE-SCALE DEPRESSURIZATION OF 
NEYVELI AQUIFERS 
The continuous large scale groundwater control operations from 
Neyveli mines since 1961, has disturbed the natural dynamics of 
groundwater flow and caused rapid sink of piezometric surface in confined 
aquifers and fast decline of water table in phreatic aquifer. 
> All naturally occurring earlier jfree flowing wells were ceased, drastic 
fall of rate of discharge in sub-artesian wells and drying of larger 
number of dug wells adversely affected the irrigation over large area 
> In order to keep pace with the falling water levels, most of the dug 
wells converted into dug-cum-bore wells .The dug portion of the open 
wells which were used as a platform to place the centrifugal pump 
may also got deepened several meters and finally forced to change the 
pump from centrifugal to submersible because of the increase in total 
head. This has increased the pumping costs of groundwater and posed 
extra financial burden to farmers by keeping change in water 
abstraction structures with the falling water level every four to five 
years. 
> A decline in piezometric surface ranging from 15 to 99 m over five 
and half decades, where maximum decline is notice around Neyveli 
lignite mining area due to the over draft for mine safety causing 
lowering of piezometric surface up to -72.00m below mean sea level 
(bmsl) at Mine-II and -62.80m below mean sea level( bmsl) at Mine-I . 
respectively. 
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> A cone of depression has been developed around the Neyveli lignite 
mining area spread over an area of about 350.00 Sq km. 
> With the continuous depressurization of artesian aquifer has resulted 
migration of cone of depression toward east of mining area, which 
may invite salt water in the mining area in future, if proper and 
concrete measures have not been taken to check the salt-water 
migration toward mines. 
> Reversal of groundwater regime has been observed east of Neyveli 
mines. 
> Groundwater budget of Neyveli groundwater basin has been 
estimated, a deficit of about 30.00m MCMA' in the year, 2000 (NLC 
Report-2002). Since, recharge to the aquifer is mainly through 
precipitation and it is subjected to variation and also seasonal. 
Whereas draft from confined, semi- confined, draining of Phreatic 
aquifer in the mine sumps together with the discharge from other 
sources (irrigation, industries, Neyveli township etc.) exceed the total 
recharge resulting in groundwater imbalance in the Neyveli Basin. 
> Aquifer parameters estimated under disturbed conditions (T = 131 to 
141 mVday, S = 3.9x10"'*) semi- confined aquifer may show slight 
deviation from parameters evaluated under undisturbed conditions 
(T = 178m^/day, S = 3x10"^) prior to commencement of pumping 
operations. It is due to on going large-scale depressurization of 
confined aquifers and dewatering of semi-confined aquifer at Mine-I 
and Mine-II resulting in a radical change in the aquifer dynamics from 
hydrostatic to hydrodynamic state. 
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> Pumping tests conducted in tiie upper confined aquifer also observed 
deviation of T values in disturbed conditions (ranging between 1158 
and 1483 mVday) and in undisturbed conditions (ranging between 
'J 
1600 and 1871 m /day) i.e. prior to commencement of heavy pumping 
from Mines-I and Mine-II. This may be due to variations in thickness 
of the aquifer interfaced due to differential heads between the aquifers 
created by heavy pumping and marginal variations in the permeability 
values of individual layers. 
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LIGNITE MINING AND ASSOCIATED 
HYDROLOGICAL PROBLEMS 
Lignite is a low grade, immature coal of low calorific fossil fuel 
(2000-3000 Kcal/ Kg), popularly known as Brown Diamond / brown coal. 
Lignite belongs to geologically younger member in coal family (i.e. tertiary 
age). Coal is the primary source of energy and become a cornerstone in 
power generation. Presently, coal based thermal energy has lion share in the 
total energy production in the world as estimated by the World Coal Institute 
(WCI, December, 2001) The countries mostly dependent on coal for 
electricity generation in 2000 includes Poland (96%), south Africa (90%), 
Australia (84%), China (80%), India (74%), Czech Republic (71%), Greece 
(70%), USA (56%), Denmark (52%) and Germany (51%). 
In India, coal reserves (i.e. geological reserves) estimated 234 billion 
tones as on 1/1/2002 and produced 327.78 million tones during 2001-2002. 
Indian coal has high ash content ranges from 20 to 80% or more ash. Even 
though coking coal contain 25 to 30% ash, which is generally perceived to 
be good quality. The average ash content for coal based fire thermal power 
plant varies from 30 to 40% in India. The thermal power plants are the 
single largest coal-consuming sector, which consumed 78% of the total coal 
production in India. Besides this, other major coal consuming industries 
includes iron and steel, cement and fertilizer. Therefore, India's industrial 
economy is largely coal centric. 
Lignite is predominantly occurring in all the European countries as 
well as in Australia, Rumania, USA, China, Canada, India, Thailand, 
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Indonesia, Philippines, etc., with a total geological reserves estimated more 
than 6500 billion tones, of which about 5 to 7% are economically mineable 
reserves and produced 895 million tones during -2002. Presently, lignite is 
the primary source of energy in countries like Germany, Greece, Turkey, 
Spain, Australia, USA, etc., because of fast depleting hard coal resources 
and lack of other alternative cheap source of energy have enforced to exploit 
lignite, to meet the growing demand of electricity. Germany topped in lignite 
production and lignite based thermal power generation in the world. Almost 
80.00% of the total energy production in Germany is based on lignite 
resources. Thereby, lignite play a vital role in Germany's industrial 
development The German industrial economy, therefore, is lignite oriented. 
India's southern states (i.e. Tamil Nadu, Kerala and Kamataka) and 
union territory of Pondicheiy were devoid of hard coal deposits and of 
limited potential of hydel power resource development and existing potential 
had already tapped to maximum extents. The transportation of coal from 
Northern states (i.e. Jharkhand, West Bengal and Orissa) to southern states 
by railways is economically not viable. While use of coal having more than 
34% ash content in thermal power plants located more than lOOOKms away 
from coal mines and near ecologically sensitive areas has already prohibited 
by Ministry of Environment and Forest, Government of India (2001). Hence, 
no option left other than to exploit the treasure buried 25 million years ago 
underneath a village, called Neyveli in the Cuddalore district, Tamil Nadu. 
To cater the burgeoning demands of power in the southern India, the 
exploitation of Neyveli deposits provided cornerstone in power generation 
and has contributed in a big way to economic growth of the nation in general 
and Tamil Nadu in particular. 
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1. LIGNITE DEPOSITS IN INDIA 
The lignite deposits of India mostly occurs as sub-surface deposits 
except in the states of Jammu and Kashmir, Gujarat and Kerala in Tertiary 
formations. The lignite occurs in a distinct and widely varying in nature, 
especially with regards to their lateral and vertical structured disposition, 
multiplicity of seams, quality, nature of occurrences, associated overburden 
and interburden formation, etc. The principal states of lignite deposits in 
India are Tamil Nadu, Rajasthan, Gujarat and Jammu and Kashmir. The 
important known occurrences of lignite deposits in India are given in Table-
XVII. 
Table-XVII: Lignite deposits in India 
States Geological reserves (MT) Percentage( Vo) 
Tamil Nadu and Pondechery 26154.81 89.07 
Gujarat 1504.81 5.12 
Rajasthan 1466.99 5.00 
Jammu and Kashmir 127.84 0.44 
Kerala 108.30 0.37 
Total 29362.75 100.00 
Lignite Resources in India estimated 29362.75 million tones, of which 
Tamil Nadu alone accounts for 89%, and followed by Gujarat (5.12%) and 
Rajasthan (5%). In India, lignite based thermal power plants share only 
4.00% of the total power generation at present. 
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1.1 LIGNITE DEPOSITS IN TAMIL NADU 
Lignite deposits in Tamil Nadu are mainly confined in Cuddalore, 
Tanjaur, Trichirapalli and Bahur lignite field in Pondichery, which partly 
lies in Cuddalore district. A total of 26154.81 million tones of geological 
reserves of lignite are estimated by March 1997, out of which about 74.45% 
lies in Mannargudi field in Tanjour district. It is the largest known 
geological reserve of lignite in India occurs at depth of more than 400.00m 
(MECL-2001) and splitting nature of lignite seam has not yet been 
exploited. 
However, Nayveli lignite deposits occur at shallow depth of 50 to 120 
m below ground level (bgl). It is the biggest source of lignite in India, which 
is fully exploited mainly for electricity generation and also used in 
Briquetting and Carbonization plants and Urea manufacturing. 
1.1.1. NEYVELI LIGNITE FIELD 
The lignite deposits in this area was known through memoirs of 
Geological Survey of India (G.S.I., 1969). Which made the first mention of 
this deposit in 1884. The lignite deposits were found while drilling wells for 
irrigation purposes in late 1930. Geological Survey of India (GSI) further 
proved the occurrence of lignite deposits at Neyveli in 1943. The 
Government of Madras under took the preliminary investigation for the 
exploration of lignite in 1947 and the Government of India later took it in 
September 1955. The Neyveli Lignite Corporation was setup as a company 
in 1956 for commercial exploration of lignite. Shri Jawaharlal Nehru, the 
first Prime Minister of India who inaugurated the Mine-1 in May 1957, laid 
down the foundation stone. 
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The Neyveli Lignite Field spread over an area of about 480.00 sq. 
Km. and total geological reserves estimated to be about 3300.00 million 
tones. Lignite deposits at Neyveli occurs in a single seam with an average 
thickness of 14.00 m. The Neyveli mine is one of the Asia's largest open 
cast lignite mine and produce 18.36 million tones of lignite during 2001-
2002. It is the biggest lignite mine and largest producer of lignite in India, 
and constitutes more than 95.00% of the total lignite production in India. 
The two pit head gigantic lignite based thermal power plants produced 
14451.32 million unit of electricity during 2001-2002 which meets the 
growing demand of power in southern states of India. The extensive lignite 
reserves are sufficient to sustain over 5000 MW power project for more than 
80 years. 
2. NEYVELI mDUSTRIAL COMPLEX 
It is the legacy of the Tertiary era, which has transformed Neyveli, a 
small-unknown hamlet five decades ago into a renowned Mine-cum-
Industrial complex of South India. 
From the very modest beginning, when a pilot open cast project for 
lignite exploitation was launched near the hamlet, Neyveli in 1953. Initially 
Neyveli lignite project consist of an opencast mine with a capacity of 3.50 
million tones of lignite per armum to feed a thermal power plant of 300 MW 
(5 X 50 MW) capacity, a fertilizer plant with a capacity of 152,000 tones of 
Urea per annum, a briquetting and carbonization plant with a capacity of 
327,000 tones of leco per year and also a clay washing plant with a capacity 
of 6000 tones per annum. The project over the year has been expanded and 
enlarged to cater the increased power demand of India in general and 
southern region of India in particular. 
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Neyveli Lignite Corporation, presently operating, two opencast lignite 
mines; two pit head thermal power plants, a fertilizer plant and Briquetting 
and Carbonization plant. 
2.1 MINE-I 
The mine-1 is situated on the northern part of village, Neyveli and 
was commissioned in 1957. The lignite seam was first exposed in August 
1961 and regular lignite mining was commenced in May 1962. Initially, the 
area of the open cast mine was 15 sq. Km and had mineable reserves of 240 
Million Tones with a capacity of 3.50 MTA^. The mine-1 was expanded to 
6.50 MT/annum covering an area of 16.69 sq. Km with mineable reserves of 
287 MT to sustain the supply of lignite to the expanded thermal power plant-
1 (TPS-I) with a capacity of 600 MW. 
In December 2001, Government of India had further sanctioned the 
expansion of Mine-1 from its present capacity of 6.50 MT to 10.50MT with 
corresponding expansion of Thermal Power Station-1 (TPS-1) from the 
existing 600 MW to 1020 MW capacity. At present, Mine-1 occupied an 
area of 18.36 sq. km. with mineable reserves of 365MT. During 2001-02, the 
Mine-1 produced 7.65MT of lignite, which is highest since its inception. 
2.2 MINE-II 
It is located 5 km south of mine-I, spread over an area of 27.74 sq. 
Km with 398MT of lignite reserves. The Mine-II was opened in 1981 with a 
capacity of 4.70MTAr linked to Thermal Power Plant-II (TPS-11) with a 
capacity of 630 MW. In February 1983, the Government of India had 
sanctioned for the expansion of mine-II to a capacity of 10.50 MT/ Y to feed 
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the Thermal Power Station-II (TPS-II) expansion of 840 MW (4x210 MW), 
and the present total installed capacity of TPS-II has reached to 1470 MW. 
2.3 THERMAL POWER STATION ! (TPS-I) 
The first unit of Thermal Power Plant-I (TPS-1) with a capacity of 
600 MW (6 X 50 MW) was synchronized in May 1962 and the last unit (3 x 
100 MW) in September, 1970. In February 1996, Government of India had 
sanctioned the expansion of TPS-I of 420MW (22 x 210MW). Thus, TPS-I 
has total installed capacity of 1020 MW and generated 4182.36 million unit 
(MU) of electricity during 2001-2002. The power generation from TPS-I is 
fed into Tamil Nadu Electricity Board. 
2.4 THERMAL POWER STATION-H (TPS-H) 
In February 1978, Government of India had sanctioned the expansion 
of TPS-II to 630 MW (3 x 210MW). Further Government of India had 
sanctioned for the expansion of TPS-II from 630 MW to 1470 MW with the 
addition of 840 MW (4 x 210 MW) in February 1983. The TPS-II had 
generated 10268.96 million unit (MU) of electricity during 2001-2002. The 
power generated from TPS-II is shared by all the southern states of India viz. 
Tamil Nadu (33.54%), Andhra Pradesh (22.78%), Kamataka (14.56%), 
Kerala (11.39%) and Pondichery (1.91 %). 
2.5 FERTILIZER PLANT 
Fertilizer plant at Neyveli is unique in the world as it is the plant only 
of this kind, which used lignite as a raw material for manufacturing of urea. 
The fertilizer plant with an installed capacity of 1,52000 tones of urea per 
annum had started production in 1996 with lignite as feedstock. The plant 
was designed to utilize raw lignite for the production of synthesis gas and at 
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the time it was the only plant in India to adopt direct solid fuel gasification 
for synthesis gas production. However, production of urea decline at 
alarming rate from 1.09 lakh tones in 1992-1993 to 0.62 lakh tones during 
2001-2002. 
2.6 BRIQUETTING AND CARBONIZATION PLANT 
The Briqetting and Carbonization plant was commission in 1965 with 
an installed capacity of 4,36000 tones of coke (i.e. leco) per armum. In 1983-
1984, Government of India had reduced the achievable capacity of this plant 
to 2,62000 tonnes of coke per annum. The B &C plant used lignite as raw 
material to produced coke, coke fine and phenolic chemical as a by-product. 
While production of coke( leco) falling rapidly from 1.21 lakh tones (1998-
1999) to 0.04 lakh tones in 2001-2002. The coke is sold under the trade 
name of Leco. It is a useful fuel for domestic and industrial uses. 
2.6.1 BY -PRODUCTS 
In the process of briquetting and carbonization of lignite, several 
useful by-products like carbon acid, multivalent phenol, orho-cresol, meta-
para cresol, xylenol, tar and neutral oil are produced. The productions of 
these by-products are given in Table XVIII. 
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Table-XVIII: By-Products of Briquetting and Carbonisation of Lignite 
Chemicals Production (tones/annum) 
Carbolic acid 1470.00 
Multivalent phenol 480.00 
Ortho-cresol 200.00 
Metacresol 990.00 
Xylenol 220.00 
Tar 49100.00 
Neutral oil 4820.00 
2.7 CLAY WASHING PLANT 
The clay occurs just above the Ugnite seam with an average thickness 
of 0.05m and is whitish in colour, termed as White clay. The White clay 
obtains along with the mining of lignite and later sends to clay washing 
plant. The washed clay is dried and sold under the trade name of Nekolin. It 
is used in ceramic industry, paper mills, and Porcelain factory and for 
manufacturing of insulators. At present this plant is closed. 
2.8 ONGOING PROJECTS 
1. Mine-I expansion from e.SOMTA' to 10.SOMTA .^ 
2. TPS-I expansion from 600.00MW to 1020.00MW. 
3. Mine lA: Neyveli lignite corporation has opened a new Mine known 
as Mine-I A in 2003, having mineable reserves of 120MT and located 
east of mine-I with a capacity of 3MTAf to feed the zero unit of 
210MW. 
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4. Zero unit of 210 MW located south west of TPS-II (ST-CSM Private 
Company). 
5. Mine-11 expansion from 10.50MTA" to 15.00 MTA^ to be linked to 
TPS-II expansion (2 x 250MW). 
6. Thermal power station-II expansion from 1470MW to 1970MW 
(2 x 250 MW). 
2.9 PROPOSED PROJECTS 
* To open the Mine-Ill with capacity of S.OOMTA^ to feeds the TPS-III 
with the capacity of 1000 MW (2 x 250MW). 
From the very modest beginning when pilot open casts project for 
lignite mining was launched near the hamlet, Neyveli, today, Neyveli lignite 
corporation (NLC) has emerged as Hub of the vast and expanding industrial 
complex and became the power and industrial center of south India. The 
rapid transformations of the relatively backward Cuddalore district over the 
last few decades both socially and economically are due to the lignite mining 
and associated industrial plants at Neyveli. 
Neyveli Lignite Corporation (NLC), however is more than just a 
lignite mining and electricity generation, ecological ramification have helped 
to stimulate and nurture a new industrial ethos worthy of being emulated. 
Over the years, the spectrum of widening interaction of NLC with the 
society and economy at large have helped in the rapid transformation of a 
predominantly agrarian economy to that of a vibrant industrial society. 
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3 MINING METHODS 
Discovery of any mineral should be followed by intensive exploration 
and to assess the occurrence, nature, characteristics, aerial extents, reserves 
estimation, depth of occurrence, nature of overburdens, quality, utility, etc. 
pertaining to the mineral deposits. Further, a comprehensive idea about field 
of occurrence of the mineral deposits such as land use pattern, 
morphological features, hydrological phenomenon, ecological aspects, etc. 
should be gathered and analyzed as these have major bearing on the location, 
design, type of mining, benefit-cost ratio, ecological vulnerability, etc. 
The prevalent practices in vague for mineral exploration is mining. 
Mining in turn broadly categorized into two classes: open cast mining and 
underground mining depending upon nature, occurrence, overburden, 
associated hydrological aspects and geology of the mineral deposits. 
3.1 TECHNOLOGICAL OPTIONS AND CHOICE OF 
MINING METHODS AT NEYVELI 
The geological and hydrological conditions of the Neyveli Lignite 
Field were analyzed with regards to their suitability for methods of mining. 
Unstable nature of the overburden, immediate weak roof over the lignite 
seam and floor conditions, the existence of high pressure confined aquifer 
below the lignite seam and semi-confined aquifer above the lignite seam 
(Mine-II area) and spontaneous combustible nature of the lignite have 
favored to opt opencast lignite mining at Neyveli, The lignite mining is 
carried out through open cast method only. Today, opencast mining has 
increasingly resorted globally to increase the volume of production with the 
growing demand of raw material for fuelling the Industrial society. Of the 
estimated 28 BT of raw mineral currently exploited worldwide, the share of 
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opencast mining is over 80%. However, open cast mining accounts 90% of 
the total mineral production in India. Surface mining has certain advantages 
over the underground method such as higher production rate, higher 
percentage of recovery, low production cost, safe mining conditions, etc. has 
resorted to open cast mining today. 
3.2 MINING TECHNOLOGY AT NEYVELI MINES 
The continuous surface mining technologies adapted at present 
include Bucket Wheel Excavator (BWE), belt conveyers, and spreader for 
removing of overburden and mining lignite. These machines are ideally 
suited for higher overburden lignite ratio and of soft formation. 
The Neyveli lignite deposits, however, have certain unique features 
peculiar only to this area, which offered major technological challenges in 
lignite exploitation. Lignite mining conditions at Neyveli are extremely 
difficult and very much different from European and other world lignite 
deposits. Some of the main features are given below: 
1. Hard, abrasive, thick overburden strata, which presents severe and 
strenuous duty condition for the mining equipment at Mine-I and 
some part of Mine-II. Neyveli people have been successfully adopted 
certain modifications in BWE and forward preparation of overburden 
through blasting. 
2. Problem of sticky and marshy surface clays occurring in more than 
65% of Mine-II area. 
3. Presence of powerful confined aquifer below lignite seam and semi-
confined aquifer above lignite seam. 
4. Fall in cyclonic belt. 
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5. Comparatively higher overburden - Hgnite ratio. 
These problems encounter in the Neyveli lignite mining has been 
successfully tackled by Neyveli Lignite Corporation (NLC). 
4. EXCAVATION OF OVERBURDEN 
The continuous surface mining technology adopted at Neyveli mines 
using Bucket Wheal Excavation (BWE), Conveyers and Spreader for 
removing the overburden and mining lignite resources. The overburden in 
the Neyveli lignite region varies from 50 to 100m, which is increasing 
towards dip direction (i.e. towards south east). The major part of overburden 
consists of hard and abrasive Cuddalore sandstone with beds of clay except 
in the southern and eastern part of Mine-II area, where soft alluvial deposits 
overlie Cudallore sandstones. The thickness of lignite seam varies form 11 
to 25m and occurs in a single seam. Overburden lignite ratio in at Neyveli 
ranges from 9 : 1 to 15 ; 1 (tones : tones basis) have involved higher 
quantum of overburden removal. The open cast mining at Neyveli disturbed 
3679.81 hectares of fertile land and currently disturbing about 120 hectares 
land/year. It is anticipated that fertile soil over an area of about 6250 
hectares would be disturbed and vegetation affected by opencast lignite 
mining. 
The NLC, since it inception in 1957, has exploited a total of 324.66 
MT of lignite and removed more than 1807.24 MCM of overburden. The 
details of annual production of lignite, overburden and lignite/ overburden 
ratio of Mine-I and Mine-II is given in Appendix-VIII. The NLC has 
produced 18.36 MT of lignite and removed 122.25 MCM of overburden 
during 2001-2002,which is the highest since the inception of mining. 
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In opencast mining, it is imperative to reserve some area outside the 
mine boundary for dumping the initial mine out overburden. The initial 
outside dump cannot be avoided unless and until there is some other 
abundant mine pit nearby. The dumping of overburden can be diverted into 
mined out area, known as a backfilling. 
4.1. MINE-I 
The thickness of overburden varies from 50.00 to 95.00m and the 
lignite seam varies in thickness from 11 to 25m. The overburden material 
consists of mostly hard mottled Cuddalore sandstones lies below the top 
loamy and lateritic soil with varying percentage of clay material, fire clay 
and white clay. 
Top portion of overburden consist of 2.00 m thick loamy and 
lateritic soil followed by lateritic sandstones, mottled clayey sandstone and 
sandstones, where fire clay and white clay are noticed at depth of about 20 to 
25m and 50.00m below ground level respectively. 
In the open cast mining, overburden has to be removed before 
reaching lignite seam. The overburden to lignite ratio is 5.50 m^ to one tones 
of lignite. The overburden excavation carried out in four benches (viz. 
surface, top, middle and bottom) to increase the lignite production. Since 
1957, overburden removal has been worked out and removed 1109.07 MCM 
of overburden. Whereas, lignite production begins in 1962, exploited a total 
of 206.11 MT of lignite. The details of annual removal of overburden 
material are shown in Fig. 23 & Appendix-VIII. 
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Fig.23: Overburden production From Mine-I 
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4.1.1. OVERBURDEN DUMPING 
Initially the overburden excavated from the Mine-I was taken out of 
the lignite boundary on the northern side and dumped over an area of 195.00 
hectares. The volume of overburden has been estimated 80 MCM and 
dumped up to the height of 45m above ground level in different stages, 
which look like a mountain range in a featureless plain and developed 
gigantic crater. 
Since 1965, backfilling was started along with the outside dumping 
and by 1970, outside dumping was almost stopped. Currently, the volume of 
overburden backfilling in Mine-I is in the order of 33 MCM over an area of 
about 50.00 hectares per year. With the implementation of Mine-I expansion 
scheme in 1978, soil of the top most benches was again taken outside the 
mine boundary of about 45 MCM and dumped in the eastern side of mine 
over an area of 135 hectare up to a height of 55 m. In 2003, again outside 
dumping is carried out over the old dumping yard with the opening of 
Mine-IA and implementation of expansion programme of Mine-I in 
December 2001. 
Dumping of overburden on the dumping yard carried out in stages and 
has attained a height of about 60m from the ground level. Currently Neyveli 
lignite mining has disturbed 17.69 sq. Km of fertile land and projected to 
28.07 sq. Km. by 2017. 
The topmost dump was highly irregular with development of massive 
ravines, pit, gullies and vallies resulting spread of loose material into 
adjacent cultivated land, settlement area, subsidence of dumping yard, silting 
of drainage system during rainy season in the study area. 
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4.1.2 CHARACTERISTIC OF OVERBURDEN 
i) Cuddalore Sandstones 
The Cuddalore sandstones constituting a major portion of the 
overburden materials are predominantly argillaceous and in places 
ferruginous. They are partly fine grained and partly coarse grained. The hard 
and compact ferruginous clayey, mottled variegated Cuddalore sandstone 
form part of the surface bench and top bench. A typical physical, mechanical 
and chemical analysis was done by NLC and mineralogical composition of 
Cuddalore sandstones are given in Table-XIX, XX & XXI respectively. 
Table-XIX: Physical Analysis of Cuddalore Sandstones 
1. Grain Size % 
I) Coarse sand 16.00% 
II) Medium sand 26.00% 
III) Fine sand 13.00% 
IV) Silt and clay 45.00% 
2. Porosity 27.00% 
3. Liquid limit 21.00 
4. Plastic limit 14.00 
5. Normal moisture content 7.00 
6. Bulk density(gm/cc) 2.1 
7. Specific gravity 2.5 
8. Void ratio 0.28 
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Table-XX: Chemical Analysis of Cuddalore Sandstones 
Si02 76.00% 
AI2O3 14.50% 
FesOj + FeO 4.25% 
CaO 0.50% 
MgO 1.00% 
NaOz Trace 
Ti02 Trace 
Loss of weight on ignition 6.00 
Table-XXI: Mechanical Analysis of Cuddalore Sandstones 
1. Compressive strength 
I) Top bench 15-25Kg/m^ 
II) Middle bench 20 - 25 K g W 
III) Bottom bench 10 - 20Kg/m^ 
2. Hardness: Because of the heterogeneity, which various with 
medium of binding, hardness can be adjudged by the penetrating 
rate of drilling equipments which ranges from 0.13 m/minute to 
0.233 m/minute. 
3. Specific cutting resistance: 2 Kg/cm to 50.6 Kg/cm. 
4. Abrasiveness: overburden is very abrasive on all digging elements 
and on account of hardness, it is very difficult to cut into clayey 
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sandstone continuous fine quartz grains, which causes heavy 
abrasion. 
MINERAL CONSTITUENTS OF CUDDALORE SANDSTONES 
The Cuddalore sandstones are mostly consisting of quartz (38.50%) 
and feldspars (5.50%) and cementing material, which is mostly argillaceous 
and/or ferruginous (55.50%). Hard ferruginous concretions nodular in shape 
also occur sporadically in the overburden. The typical mineral composition 
of Cuddalore sandstones is given in Table-XXIL 
Table-XXII: Mineral constituents of Cuddalore Sandstones 
Mineral constituents Percentage (%) 
Quartz 38.50 
Feldspare 5.50 
Magnetite 0.60 
Accessory minerals 0.40 
Cementing medium 55.00 
Microscopic and heavy mineral analysis of Cuddalore sandstones 
shows that heavy minerals like Zircon, kyanite, magnetite, rutile, etc. are 
present in minor quantities in the sandstone with predominance of magnetite. 
Quartz grains are mostly angular to sub angular. 
4.1.2(b) CLAYS 
There are distinct beds of fire clay and white clay occurring above 
lignite seam at depth of 35 to 40 m and 75 to 80m respectively. They are 
119 
fairly continuous and extensive in mining area and constitute parts of 
overburden material. 
i) MOTTLED CLAY (OR FIRE CLAY) 
It is predominantly yellow or violet in colour, occurs between the top 
and middle bench of overburden and of 2m thick. The physical and chemical 
characteristic of fire clay was analyzed by NLC is given in Table-XXIII & 
XXIV. 
Table-XXIII: Physical characteristic of Mottled Clay 
1. Bulk density (gm/cc) 1.60-1.90 
2. Specific gravity 2.60 to 2.70 
3. Plastic limit( %) 23.00 to 30.00 
4. Liquid limit(%) 33.00 to 52.00 
5. Atterberg number 10.00 to 20.00 
6. Dry linear shrinkage 3.00 to 4.00 
7. Total firing shrinkage (12000C) -
8. Water of plasticity 27.00-35.00 
9. Particle size(%) -
I) Above 20 microns 10.00-25.00 
II) Between 20 and 10 microns 4.00-8.00 
III) Between 10 and 2 microns 10.00-15.00 
IV) Below 2 microns 60.00-90.00 
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Table-XXIV: Chemical Properties of Mottled Clays 
Si02 45.00-62.00 
AI2O3 26.00-38.00 
FesOs 1.20-4.00 
TiOz 0.80-1.20 
CaO + MgO 0.75-1.50 
Alkalies(Na20 + K2O) 0.20-0.40 
ii) WHITE CLAY 
White clay occurs just above the lignite seam with average thickness 
of 0.50m. The physical and chemical characteristic of white clay was 
analyzed by NLC is given in Table-XXV and XXVI. 
Table-XXV: Physical characteristics of White Clay 
1. Bulk density (gm/cc) 1.50-1.70 
2. Specific gravity 2.60 to 2.70 
3. Plastic limit (%) 20.00 to 28.00 
4. Liquid limit (%) 31.00 to 45.00 
5. Atterberg number 11.00 to 13.00 
6. Dry linear shrinkage 
7. Total firing shrinkage (12000C) 
8. Water of plasticity 23.00-25.00 
9. Particle size (%) 
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I) Above 20 microns 3.00-10.000 
II) Between 20 and 10 microns 2.00-5.00 
III) Between 10 and 2 microns 7.00-15.00 
IV) Below 2 microns 65.00-75.00 
Table-XXVI: Chemical Characteristics of White Clay 
SiOs 44.00-59.00 
AI2O3 28.00-38.00 
FezOs 0.90-1.50 
Ti02 0.40-1.50 
CaO + MgO 0.80-1.60 
Alkalies (NasO + K2O) 0.2-0.3 
Loss on ignition w/m 10.00-14.00 
4.2 MINE-II 
In the Mine-II area, greyish black clay alluvial deposits in the 
southern part and in the northern part cover nearly three-fourth portion by 
Cuddalore sandstones. The Quaternary alluvium (i.e. greyish black clay) 
forms the top portion of the overburden and ranging in thickness from 0.50 
to 10m, which overlies the Cuddalore sandstones. Below Cuddalore 
sandstones occurs clay seam fallow by water bearing sands of 5 to 10m in 
thickness. The overburden consists of clays, sandy clays, sandstones, clayey 
sandstones and medium to coarse sands (semi-confmed aquifers) of varying 
in thickness from 50 to 103m with an average thickness of 75 m. The 
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thickness of overburden increasing towards south, south east (i.e. dip 
direction). The thickness of hgnite seam varies form 12 to 22m except in 
small portion, where it is only 8 to 9 m. The average thickness of lignite 
seam is about 16.00 m. Where lignite seam occurs at depth of -50 to -80 m 
below sea level (bmsl) and average overburden to lignite ratio is 5 m *^ 1 
tonnes in the area. 
In the Mine-II, process of overburden excavation is similar to that of 
Mine-1 and carried out in 1982. The total overburden removed and lignite 
excavated is 702.93 MCM and 108.35 MT since inception. Currently Mine-
II exploiting 10.71MT lignite and 61.33 MCM of overburden, it is the 
highest since its inception. The detail of annual excavation of overburden in 
the Mine-II area is given in Fig. 23 & Appendix-VIII. 
4.2.1 OVERBURDEN DUMPING 
In the case of Mine-II, overburden from the initial mine cut also has to 
be dumped out side the lignite boundary till enough space is created inside 
the mined out area for back filling. The out side spoil bank capacity has been 
calculated to be 260 MCM, which accounts for 20% of the overburden. It 
has been divided into north and south segments with a capacity of 50 and 
160MCM over an area of 6 sq. Km and attained a height of 60m. Back 
filling was worked out in 1983 and gradually outside dumping were stopped 
in 1997. The total of 255.34 MCM of overburden had been dumped outside 
up to a height of 60m since the inception of Mine-II. 
4.2.2 CHARACTERISTICS OF OVERBURDEN 
Overburden material consists of hard and abrasive Cuddalore 
sandstones in the north and sticky alluvial clay occurring as a capping 
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material over the Tertiary Cuddalore sandstones in %th of mine area up to a 
depth of 2.00m in the south. The sands and unconsolidated sandstone 
constitute 5 to 20% of the overburden material, whereas clay content of the 
mine-II is generally similar to Mine-I area. 
Dumping of overburden materials from the mine to outside dumping 
yard was started during April, 1983 and continued without any apparent 
disturbance up to a height of about 33m above the ground surface. When 
further dumping was taken up over a small stretch to a height of 44m, 
suddenly series of deep and wide tensional cracks were developed that 
followed by heavy subsidence on the top of the dump. Simultaneous heavy 
subsidence and upheaval on southern slope as well as adjacent ground 
surface has caused deep-seated disturbances at several places in the area. At 
places disturbances was as much as 10m. The disturbance problem was 
observed only on the southern side of the Quaternary alluvial deposits / 
Tertiary Boundary and conspicuously absent on the northern side. It is 
believed that it may be due to weak alluvial clay foundation. 
The excavated overburden, dumped over large area that too up to a 
substantial height, creates major problems of erosion, resulting development 
of massive ravines, gullies, vallies, and crept off dumped materials into 
adjoining cultivated land and simultaneous siltation of rivers, nallas, tanks, 
ponds, etc. Currently Mine-II has disturbed 19.10 sq. Km of productive land 
and projected to disturb up to 34.54 sq. Km by 2028. 
(a) CUDDALORE SANDSTONES: The Cuddalore sandstones in 
the Mine-II area is almost similar in physical, mechanical and chemical 
characteristics as well as mineralogical composition to that of Mine-I area. 
124 
(b) ALLUVIAL CLAYS: The Quaternary alluvial soil is grayish 
and black in colour and associated with large quantity of Kankar nodules, 
having poor infiltration, very low conductivity, poor aeration porosity and 
calcareous in nature. They swell, when it get wet and become plastic, soft 
and slushy. In dry season, the clay get shrink in volume and consequently 
large cracks were developed due to loss of water and becomes friable, week 
and powdery. They have developed a tendency to collapse and slide down. 
The sticky characteristic of the soil created operational constraints in this 
area. The typical physical characteristics of alluvial clay of Mine-II area 
were analyzed by NLC are given in Table- XXVII. 
TABLE-XXVII; Physical Characteristic of Alluvial Clays 
1. Bulk density - 2.02gm/cc 
2. Plasticity index - 35.00 to 40.00 (high) 
3. Dry linear shrinkage - 9.00 % 
4. Soil moisture - 20.00 to 24.00% 
5. Angle of internal fraction - < 10.00(very low) 
6. Swell factor - 1.60 to 1.70 (high) 
7. Average shear strength - 37.00 tonnes/m^ 
4.2.5 SANDS AND UNCONSOLIDATED SANDSTONES 
It constitutes 5 to 20% of the overburden material and composed of 
very friable, soft semi-consolidated sands and unconsolidated sandstones. 
They generally vary in thickness from 2 to 10m and medium to coarse grain 
sands lies just above lignite seam in Mine-II while absent in Mine-I area. 
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4.2.6 CLAYS 
In the Mine-II also two clay beds (i.e. fire clay and white clay) 
occurring above lignite seam, having same physical and chemical 
characteristics to that of Mine-I have been noticed. 
5. LIGNITE MINING AND PRODUCTION 
The lignite deposits are not exposed any where in the Neyveli lignite 
field and occurs at depth of about 45 to 120m below the ground level. The 
depth of lignite seam progressively increasing toward south, south-east and 
east (i.e. dip direction) which in turn to increase the lignite/ overburden ratio 
in the Mine-II area. The thickness of lignite seam varies from 8 to 25m with 
an average thickness of about 16m. The lignite generally occurs as a single 
seam except in the eastern sector of Mine-II and south eastern block of the 
Mine-I where it is split into two or more seam by sand and clays as 
intercalations and even though one single seam of 16m occurs in the area. 
The general dip of lignite is 1 in 100. 
Mining of lignite could not be possible without removing of hard 
overburden material above the lignite seam and depressurization of confined 
aquifer below the lignite seam. Mining of lignite carried out through 
continuous surface mining technology with Bucket Wheal Excavator (BWE) 
and Conveyers. 
Production of lignite began with capacity of 3.50MTAf from Mine-I 
in 1962 and from Mine-II with a capacity of 4.70MTA' in 1984. Currently 
Mine-I has a capacity of lO-SGMTA" and Mine-II also has same capacity. In 
2003, NLC has open new mine known as Mine-I A with the capacity of 3 
MTAf to feed the thermal power plant (Zero Unit). During 2001-2002, 
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Fig. 24: Lignite production from Mine-I & 11 
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Mine-I and Mine-11 has produced 7.65MT and 10.5MT of lignite 
respectively. A total of 18.15MT of lignite produced during 2001-2002, 
which is highest since the inception of lignite mining. 
The Neyveli lignite corporation (NLC) has exploited a total of 
324.66MT of lignite, of which 216.99Mt from Mine-I and 107.67MT from 
Mine-I 1 since its inception. The detail of annual production of lignite is 
furnished in Fig. 24 and Appendix-VIII. 
6. QUALITY OF LIGNITE 
Neyveli lignite is a dark brown, geologically young, immature and 
low-grade coal. When it is exposed, lignite brake into small uneven blocks 
or flakes or even get crumpled when slight pressure of the hand is used. It 
has a low calorific value (2460 to 3200 KCal/Kg), high moisture i.e. 45 -
60%, ash content varying from 2 to 8% and free from inherent impurities. 
Being of low calorific value, high moisture content, fragile nature, 
spontaneous combustion characteristics and poor pulverization, long 
distance transportation of lignite is not feasible. That is why lignite fired 
thermal power stations are usually located very close to mines. 
6.1 LIGNITE ANALYSIS 
Quality assessment of lignite is most important from utility point of 
view. The lignite at Neyveli, principally utilized for the production of 
electricity and also for manufacturing of coke and urea. A typical proximate 
and ultimate analysis of Neyveli lignite is given in Table-XXVIII. 
128 
Table- XXVIII: The Typical Proximate and Ultimate Analysis of 
Lignite. 
Proximate Analysis (as 
received basis) 
Ultimate Analysis 
(Moisture and Ash free basis) 
Particulars Range (%) Particulars Range (%) 
Moisture 45.00-60.00 Moisture 50.00-56.00 
Ash 2.00-8.00 Ash 2.00-8.00 
Volatile matter 21.00-26.00 Carbon 25.00-41.21 
Fixed carbon 18.50-22.50 Hydrogen 1.90-2.26 
Grass calorific value 
(KCal/Kg) 
2460-3200 Sulphur 0.5.00-1.20 
Bulk density(t^m^) 0.80-1.28 Nitrogen 0.15-0.50 
Hardgrove Grindability 
index 
127-167 Oxygen 10.70-13.00 
6.2 CHEMICAL ANALYSIS OF LIGNITE ASH 
Ash content in lignite occurs as a mineral matter in the initial 
vegetal growth and extraneous material deposited with coal forming vegetal 
matter and also material caught up during mining. It is the incombustible 
material present in coal/ lignite. 
Ash analysis is of paramount importance in boiler design of 
thermal power plants and of environmental concern. The flyash generated by 
burning of lignite for electricity production containing various amount of 
toxic elements, which poses great threat to environment. High ash content in 
coal /lignite invites variety of problems: such as wear and tear of the 
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machineries, heat loss, fouling and choking of material surface, ducts and 
chutes, slag depositions on boiler tubes, generation of a large quantity of 
combustion residues with consequent heavy load on collectors and 
precipitators. Thereby, handling and disposal task of these combustion 
residues are very much associated with adverse environmental impacts. The 
chemical analysis of Neyveli lignite ash is given in Table-XXIX. 
Table-XXIX; Chemical Analysis of Lignite Ash (Majumdar, et al, 1974) 
Particulars Average value(%) Range (%) 
Si02 24.80 10.40-38.80 
FezOa 9.48 2.10-19.80 
AI2O3 20.16 11.00-27.30 
CaO 17.45 10.60-25.30 
MgO 5.52 3.70-9.40 
NajO 0.54 0.09-0.81 
K2O 0.09 0.01-0.18 
SO3 22.03 11.70-30.80 
CaO+MgO / FejOs 2.42 1.75-6.80 
Si02/Al203 1.23 0.94-1.42 
Fusion Temperature(°C) 
a) Initial deformation 
b) Final 1012-1187 
1220-1300 
Neyveli lignite causes no significant slugging and fouling. 
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7. MARCASITE ( FeSz): 
Marcasite is an uneconomic mineral and occurs as co-mineral in 
lignite deposits. It occurs in lignite deposits in different shape such as 
massive, globular, lenticular, veins, wadges, boulders and platty and also as 
enrichment segregations with variation in quality. 
Marcasite is found sporadic, intermittent and irregularly distributed 
throughout the lignite seam and also found in aquifer sands. In the lower part 
of Mine-II, marcasite occurs as cleft and cracks fillers. Marcasite in Mine-11 
is more abundant than mine-I and does not show any preferred orientation. 
The chemical and general property of marcasite is given in Table-XXX & 
XXXI. 
Table-XXX: Physical Characteristics of Marcasite 
Chemical composition- FeS2 
Colour- dirty metallic yellow 
Shape- boulder, lenticular, veins, platty and massive 
Appearance- metal like 
Magnetic properties- not magnetic. 
Hardness (hard groove index)- 5.00 to 7.50 
Specific gravity- 3.00 to 4.50 
Compressive strength- 150.00 to 800.00kg/cm^ 
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Table-XXXI: Chemical properties of Marcasite 
Silica 0.60 to 26% 
Aluminum traces to 2% 
Iron (as Fe) 60 to 86 % 
Fe02 0.30 to 0.40% 
Ca02 0.30 to 1.50% 
MgO 0.20 to 2.00% 
NazO 0.10 to 2.00% 
K2O traces 
SO3 2 to 20% 
Moisture up to 7% 
Due to the high hardness and compressive strength of marcasite poses 
problems in excavation causing abrasion, wear and tear and it damages the 
jaws and rollers of the crushers at thermal power stations. It also causes ash 
melting and sintering problems in the power plant boilers. Due to presence 
of combination of several slagging agents like Fe, Na, k and S in the 
marcasite at various combustion condition in the boiler from slagging and 
alter the ash melting behaviors cause enormous problems in Thermal Power 
Plants. 
8. HYDROLOGICAL PROBLEMS ASSOCIATED WITH 
LIGNITE MINING 
Hydrology plays predominant role in the excavation of Neyveli lignite 
deposits. This is due to the fact that exploitation of lignite is subjected to 
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stupendous hydrological problems They are in the form of powerful 
confined aquifer below the lignite seam and semi- confined aquifer above 
the lignite seam of lesser magnitude, storm water in the mine sumps and lies 
in the cyclonic belt. It may hamper the mining operation if proper measures 
are not been taken during mining operation. 
8.1 SOURCES OF WATER IN OPENCAST NEYVELI 
LIGNITE MINES AND ITS POTENTIAL HAZARDS 
For any subterranean activities, water plays potential hazards. Neyveli 
lignite opencast mining is one of them. The Neyveli mines have two huge 
open pit of 2.50km (mine-I) and 3.50 (mine-II) in length. The catchments 
area of mine-I and mine-II is 13.83 sq. Km and 16.30sq.km respectively. 
The water from different sources is accumulated in the deepest portion of 
mine pits that hamper the mining operations during rainy period. 
The sources of water, which are necessory to be controlled for safe 
and economic expolitation of lignite at Neyveli, include: 
a) Extraneous water 
b) Unconfined water 
c) Confined water 
Neyveli opencast lignite mines are exposed to above sources of water 
related problems. But problems related to confined aquifer are paramount 
and to a lesser extent the other sources. They may pose potential hazards to 
mine safety and progress of mining operations such as bursting of mine 
floor, dislocation of the stability of slopes, sliding of the spoil bank, bogging 
of machines and vehicles, water logging, erosion of benches, etc. Hence 
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water has to be controlled and tackled during mining operation otherwise it 
may jeopardize the mining activities. 
Difficulties and dangers that could arise from the confined aquifer are 
termed as groundwater problems and that from extraneous water may be 
termed as Storm Water Problems. 
8.2 STORM WATER PROBLEM AND SOLUTION 
All problems and difficulties arising from rain water, subsoil water 
from overburden benches, aquifer water flowing out through cracks and 
fissures due to positive pressure head, flowing well, leak water from ground 
water control lines, oozing of water from exposed semi-confined in the mine 
pits are termed "Storm Water Problem." 
Neyveli lignite mines hardly lies 40 kms away from Bay of Bengal 
and falls in the cyclonic belt. The North-east monsoon (October to 
December) account 80% of the total rainfall, whereas average rainfall 
estimated is about 1200mm in the Neyveli Lignite Field. 
Being opencast lignite mines and having large catchments area of 
about 13.03 sq km (mine-1) and 16.03sq km (mine-11) have received water 
from different sources. The water from different sources are accumulated in 
the deeper part of mines pits and ultimately water level reached above the 
lignite seam resulting in flooding of mines floor that paralyzes the mining 
operations, if pumping of Storm Water stopped even for an hour. 
The solution for controlling the storm water is to drain the entire water 
into mine sumps i.e. lowest part of mines floor and then pumped out to the 
surface by high capacity floating pontoons established in the mine sumps to 
bring the water level below lignite seam. At present there are 25 pontoons 
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working with individual pumping capacity of 400 GPM and a total installed 
capacity of pumping is 1000 GPM. Currently, the rate of Storm Water 
pumping is in the order of 25000GPM in mine-I and 3500GPM in mine-Il. 
In case of heavy rainfall on certain days, Storm Water required to pump out 
at the rate of nearly 30000GPM (mine-I) to maintain the water level in the 
sumps. 
Since the inception of Storm Water pumping operation in mine-I 
(1961), had pumped out a total of 1114.5 IMCM of Storm Water and more 
volume of Storm Water pumped from mine-II. 
The rate of pumping of Storm Water has increased at alarming rate 
since it inception, 1961. It was estimated to be 1750GPM in 1961 and 
reached to 25620PM in 2000 from mine-I and rate of pumping in the mine-II 
is also increasing at alarming rate since it inception in, 1982. The huge 
volume of storm water pumped out from mine pits to the surface into 
agricultural field, drains, nallas, ponds, etc. in a down slope direction. The 
mines water used by down stream villagers for irrigation since 1961, has 
adversely affected the soil quality and causing waterlogging problems in the 
downstream areas. The storm water and effluent from industrial complex 
draining into Paravanar river and finally discharge into Walaza and Perumal 
lakes in the east of mines results deterioration of lakes water and ponds 
ecosystem. 
8.3 GROUNDWATER PROBLEMS 
Mining of lignite from the Neyveli lignite field is subjected to 
stupendous hydrological problems. It is due to presence of multi-layers 
powerfiil confined aquifers below the lignite seam exerting tremendous 
upward pressure of about 5 to 9 Kg/cm^ and if not controlled could 
135 
jeopardize the mining operations. While presence of semi-confmed and un-
confined aquifers occurring above the Hgnite seam may also pose potential 
hazard in mining operations and have to be tackled judiciously for safe and 
economic mining of lignite. 
i) CONFINED AQUIFERS 
In the Neyveli mining area lignite seam is underlain by a series of 
powerful confined aquifers and are separated by parting clay beds. These 
confined aquifers pose potential hazard to mining of lignite. It could 
jeopardize the mining operations if pressure of confined aquifers has not 
been brought below the lignite seam. 
The confined aquifers exert an upward pressure of about 5 to 9 
Kg/cm^ and its hydrostatic head was 30 m above mean sea level in the 
\ 
mining area. The only force which arrests confined aquifer from bursting of 
lignite seam is the downward pressure (10 to 12Kg/cm^) exerted by the 
overlying strata comprising of overburden and lignite seam. But when 
overburden is removed in stages in order to exploit the lignite resources and 
progressively reduced the down thrust pressure a stage will come when 
upward pressure increases over the downward pressure resulting in the 
bursting of mine floor that may disturb the equilibrium conditions. 
The hydrogeological investigation and pumping test conducted before 
and after have provided the most practical-cum-economic solution to this 
problem is to depressurize the upper confined aquifer. Thereby, maintain the 
pressure head below the lignite seam by continuous large scale pumping of 
groundwater by constructing series of pumping wells at hydrogeologically 
calculated distances over lignite bed. Where depressurization of aquifer 
restricted to upper confined aquifers up to depth of 35 to 40m below the 
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lignite bed. Below it, probably a continuous clay bed of 5m thick exists, 
termed as parting clay, which present the movement of water entering from 
lower confined aquifer to depressurized aquifer (i.e. upper confiner aquifer). 
The depressurization of confined aquifers in the Mine-I started on 6th 
July 1961 with initial discharge of 26712 GPM from 27 wells with capacity 
of 1000 GPM each. With the expansion of Mine-I, additional pumping wells 
were established to keep the pressure surface below the lignite seam. The 
number of wells increased to 48 with a total discharge of 47934 GPM in 
1964 and gradually the number of wells and coiTesponding discharge from 
them reduced to 21569 GPM (i.e. 51.49CMC) in 2000. The detail of annual 
pumping of groundwater from upper confined aquifer at Mine-I is given in 
Fig 25 and Appendix-IX of Mine-I. Since the commencement of 
depressurization of upper confined aquifer at Mine-I in 1961, a total of 
2815.32 MCM of groundwater discharged from confined aquifer alone. 
In the Mine-II, depressurization of confined aquifers started in 1982 
with the discharge of 1000 GPM and progressively increased to 33481 GPM 
in 1987, which gradually reduced to 27000 GPM in 2000. It may be due to 
mutual interference effects of pumping wells and also impact of 
depressurization from Mine-I since 1961. Since the inception of 
groundwater control at Mine-II has estimated a total of about 1195.03 MCM 
of groundwater withdrawal from upper confined aquifer. Since, the 
commencement of pumping operations, a total of 4010.35MCM of water 
discharged from both mines. On an average 115MCM/Y of groundwater has 
been pumped out for depressurization of confined aquifer from both the 
mines and significant quantity of groundwater also extracted for other uses 
such as irrigafion, domestic supply, etc. Thereby, huge volume of 
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Fig. 25. Average annual pumping of groundwater from upper confined 
aquifer (1961-2001) 
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groundwater discharged from the confined aquifer since the commencement 
of pumping operations in 1961, which adversely affected the groundwater 
balance of the Neyveli basin. The groundwater budget deficit has estimated 
to be 25MCM for the year, 2000. The problem and solution of high pressure 
of confined aquifers below lignite seam is given in Fig 25 
it) SEMI-CONFINED AQUIFERS 
The unconsolidated sand formation of 5-10m thick, occurring 
immediately above lignite seam in the Mine-II area is termed semi-confmed 
aquifer, while it is absent in Mine-I area. The groundwater in this zone 
occurs under partially confined conditions exerting an upward pressure but 
of lesser magnitude than the confined aquifers below the lignite seam. This 
aquifer may also have to be tackled by pumping of groundwater. Initially 
depressurizations of these aquifers were carried out by commission 9 wells 
of 500GPM capacity each and 16 wells of lOOGPM capacity each with a 
total capacity of 6100GPM (27.72M3/min). Annually approximately 
14MCM of groundwater discharged from semi-confined aquifers. Since 
inception of depressurization of semi-confined aquifers, a total of 
254.00MCM of groundwater discharged. It has reduced the pressure surface 
at the bottom bench level of overburden by 24m (+18 to -6m) and brought 
down the seepage to the bottom bench considerably. Further dewatering of 
these aquifers is carried out through bench toe drains where through its own 
hydraulic gradients become desaturated. The drain water is accumulated in 
the mine sumps and from there it is pumped to the surface. 
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F i g . 2 5 A : Problem and solution of high pressure confined aquifer at 
Neyveli 
iii) UNCONFINED AQUIFER 
The unconfined aquifer occurs at shallower depth i.e. near the ground 
surface where water level ranges from 2 to 10 meter below the ground level. 
The dewatering of this zone is also tackled before mining of lignite through 
pumping. Thus entire saturated zones are dewatered to prevent the seepage 
into the mines during excavations. 
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CHAPTER-7 
MAJOR ION 
HYDROCHEMISTRY 
C H A P T E R - 7 
MAJOR IONS HYDROCHEMISTRY 
A wide range of chemical substances is soluble in water. These 
substances dissociate into negative and positive charged ions and having 
concentration more them Ippm in water are termed as major ions (Davis and 
Dewiest, 1966). It normally makes up more than 96% of the dissolved 
minerals in groundwater. Major ions are, for the most part conservative and 
having long residence time. 
Major ion concentration plays a vital role in determining the chemical 
composition of water. These are the most impotent chemical parameters that 
ascertain the water quality and its usefulness for drinking, irrigation and 
industrial purposes. Major ion concentration may help to differentiate 
between contaminated and non-contaminated zone in groundwater as well as 
sources of pollution. Certain major ions in groundwater like chlorides (Cf) 
act as important tracer to determined to direction of groundwater movement 
area of recharge and discharge, relative age of groundwater movement of 
pollutants, sea water intrusion groundwater modeling, etc. 
Major ions like Ca'^ Mg^^ Na\ K\ Cf, SO4'", HCO," and CO^ "" in 
groundwater are highly variable depend on natural and anthropogenic 
factors. The natural variability of major ions in groundwater largely depends 
on local geological, climatic and geographical condition of the area. 
Whereas anthropogenic factors i.e. mining, industrialization, urbanization, 
etc. may also control variation in major ions concentrations in groundwater 
depends on the extent of human activities in the concerned area. The details 
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of hydrochemical data of major ion during pre and post monsoon periods 
(2002-2003) are given in Appendix-IX, X, XI and XII. 
DISTRIBUTION OF MAJOR IONS 
CHLORIDE (CI ) 
Chloride ion is one of the most important sources of salinity in water. 
Higher salinity in water is responsible for higher concentration of chloride 
ions. Thereby, elevated concentration of chloride ions makes water 
unpalatable and therefore unfit for drinking and livestock watering 
(Champman, 1992). 
Chloride salts being highly soluble and free from chemical reactions 
with aquifer material and remains stable once they inter in solution. Chloride 
content in water may exceed the Sodium due to Base Exchange reaction. 
The highest desirable and maximum permissible levels of Chloride 
in drinking water are 200mg/l and 600mg/l respectively (WHO, 1984). The 
Indian Council of Medical Research (ICMR, 1975) recommended desirable 
and maximum permissible limits of Chloride as 200 and lOOOmg/1 
respectively. 
Chloride concentration in the study area ranges from 574.11 to 
17.36mg/l and 637 to 16.61mg/l in deep aquifer during pre-monsoon and 
post-monsoon periods (2002-2003) respectively. On the other hand in 
shallow aquifers, it ranges from 1165.66 to 30.48mg/l and 1092.80 to 
22.15mg/l during pre-monsoon and post-monsoon periods (2002-2003) 
respectively. The highest Chloride concentration occurs at Pinnalur 
(637.14mg/l) and lowest at Mudanai (16.61mg/l) in deep aquifer, whereas in 
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shallow aquifers the highest values are observed at Cuddalore 
(11653.66mg/l) and lowest at Kuzhakollai (22.15mg/l). 
The chloride distribution map of deep (Fig.26) and shallow aquifer 
(Fig.27) show, the chloride concentration is lower (<50.00mg/I) in recharge 
area whereas in mining, Thermal Power Plants and south and south east of 
lignite mining area observed between 100 to 893.23mg/l of chloride. The 
abnormally high concentration of chloride in south and south-east of Lignite 
mines are due to excessive depressurization of upper confined aquifer and 
infiltration of mines water, industrial effluents and agricultural returned 
flow. The second most important belt showing the abnormally high 
concentration of chloride is reported along the Cuddalore coastal belt. 
Wherein, high rate of urbanization and industrialization results excessive 
withdrawal of groundwater and invite seawater intrusion landward. 
In general, chloride concentration in the study area increases gradually 
from recharge to discharge areas. The chloride contours are almost parallel 
in the north east and bend towards south, which inferred groundwater flow 
towards south east. The chloride concentration in shallow aquifer is more 
than that of deep aquifers. Shallow aquifers are more vulnerable to 
contamination due to dissolution, seepage of mines water and industrial 
effluent that let out into agricultural fields, ponds, drains, etc. wherein, 
parting clay lies at the bottom of upper confined aquifers (deep aquifers) 
which may prevent downward movement of pollutants; hence it prevents 
contamination of lower confined aquifers. High concentration of chloride 
gives salty taste and corrosive effects on metals as well harm the plant 
growth. 
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In the study area, chloride concentration is well within the permissible 
limits except at few places. Hence, the groundwater is suitable for drinking 
and irrigation purpose in the investigated area. 
CALCIUM (Ca^ )^ 
Calcium (Ca"^ )^ is one of the important cation present in these waters. 
It is quickly dissolved from calcium enriched rocks especially carbonate and 
sulphates. The solubility of calcium carbonate depends upon the dissolved 
CO3. The hardness of water is mainly controlled by salt of calcium and 
magnesium. Calcium in water is mainly derived from dissolution of calcium 
from calcium enriched rocks, leaching from soils and application of 
fertilizers in agricultural fields, returned flow of irrigation water, and 
infiltration of mines water and industrial effluents, dissolution of soil and 
other anthropogenic impacts. 
The highest desirable and maximum permissible limits of calcium in 
drinking water recommended by Indian Standard Institute (ISI, 1983) and 
World Health Organization (WHO, 1984) is 75 and 200mg/l respectively. 
Calcium is essential for the growth of human body, which require 0.70 to 
2.00gm/day. In case of pregnant and lactating women and growing children 
however, require high doses of calcium. However, high concentration of 
calcium may also adversely affect the human health such as formation of 
gallbladder and kidney stone and urinary disorders. 
Calcium concentration in the study area range from 178.90 to 
10.41mg/l and 135.37 to 10.93mg/l in deep aquifer during pre and post-
monsoon periods (2002-2003) respectively. In shallow aquifer, calcium 
content ranges from 525.05 to 8.02 and 404.40 to 8.00mgl during pre and 
post-monsoon respectively. Wherein, maximum value observed at 
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Cuddalorc (404.40mg/l) and lowest al Keezhakollai (8.00mg/l). The highest 
value of calcium at Cuddalore is due to impact of seawater in this region. 
Calcium concentration in and around mining area is generally higher as 
compared to area outside the mining zone. In majority of deep tubewells, 
Calcium concentrations are lower than the shallow aquifer. In general, 
calcium concentration in the study area falls within the prescribed limit as 
given for drinking water by WHO (1984) and ISI (1985) except at few 
places. 
MAGNESIUM (Mg^^) 
Magnesium is one of the common elements present in natural water 
and main contributor of hardness in water along with calcium. In general, 
magnesium concentration is very less compared to calcium in most natural 
groundwater. It may be due to relatively less abundance of magnesium rich 
minerals in rocks (Hem, 1970). The principal sources of magnesium in water 
are weathering of Ferro-magnesium rich rocks and magnesium rich 
carbonate rocks. 
Magnesium is one of the most important nutrients for the growth of 
human organism. Magnesium deficiency results structural dis-functioning 
and severe diarrhea, chronic renal failure and protein caloric malnutrition 
(WHO, 1973). Whereas, higher concentrations of magnesium may causes 
cathartic and diuretic (Lehr et. al., 1980). 
The maximum permissible and highest desirable limit of Magnesium 
for drinking water is lOOmg/1 and 30mg/l respectively (ISI, 1983, WHO, 
1984). Whereas, Indian Council of Medical Research (ICMR, 1975) has 
recommended 50mg/! and lOOmg/1, the maximum desirable limit and 
maximum permissible limit respectively. 
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In the study area, magnesium concentration ranges from 72.74 to 
1.20mg/l and 59.98 to 1.26mg/l in deep aquifer during pre and post-
monsoon periods respectively. The highest value was recorded at Cuddalore 
town (Pachchayamkuppam) 72.74mg/l. The abnormally high value of 
magnesium indicates presence of Ca-Mg rich evaporates and clays such as 
montmorillonite rich in magnesium (Bovwer, 1978). The lowest value of 
magnesium observed at Umangalam (1.20mg/l). About 64.00% and 81.00% 
of deep-water samples fall within the maximum permeable limit suggested 
by ISI (1983) and WHO (1984) during pre and post-monsoon period 
respectively. Whereas, according to Indian Council of Medical; Research 
(ICMR, 1975), 89% and 94% of deep tubewells samples fall within the 
maximum permissible limit during pre and post-monsoon period 
respectively. Magnesium concentration at Nadiyapattu and Andikuppam 
were found below the detection limits. No sample in the study area found 
above the highest desirable limit. 
In shallow water samples, calcium concentration range from 805 to 
4.36mg/l and 726.68 to 2.46mg/l during pre and post-monsoon periods 
respectively. Maximum value of magnesium was recorded at Cuddalore 
(805.0mg/l), it may be due to salt water intrusion in the coastal belt. About 
64% and 68% of water samples fall within the maximum permissible limits 
as suggested by ISI (1983) and WHO (1984) during pre and post-monsoon 
periods respectively. Whereas, during pre and post-monsoon periods 74 and 
86% of water samples lies within the maximum permissible limit as per 
ICMR (1974), respectively. Magnesium concentration along the Cuddalore 
coastal belt (at Cuddalore, Alapakkam, Selambemangalam, etc.) was 
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observed to be above the maximum permissible limits, which may be due to 
seawater intrusion. 
The spatial distribution of magnesium concentration in shallow 
aquifers was more than the deep aquifers. In pre-monsoon period, 
magnesium concentration showed higher values in both deep and shallow 
aquifers as compared to post-monsoon period. It is due to infiltration of rain 
water along with leached ions will dilute shallow aquifers first and might 
have taken a large time to reach the deep confined aquifers. Thus, the lower 
confined aquifers are better in quality than the upper confined aquifers in the 
study area. 
In general, magnesium concentrations in the study area fall within the 
permissible limit except in the mining area and the south and southeast 
region. It may be due to the seepage of pumped out mines water and 
industrial effluent into agricultural fields, down stream drainage, ponds, etc. 
in the south and south east of the mine area. 
SODIUM (Na^) 
Sodium is one of the most abundant constituents of the earth crust and 
is present in natural water since its salts are highly soluble in water. The 
concentration of sodium in groundwater depends on local geological, 
hydrogeological and climatic conditions and anthropogenic activities such as 
mining, urbanization, industrialization, etc. 
Sodium concentration is the most important parameter to determine 
the suitability of surface and groundwater for various purposes (i.e. drinking, 
industrial and irrigation) especially irrigation. Higher concentration of 
sodium in water results is reduction of soil permeability, soil aerations and 
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circulations of water, thereby affecting plants growth and enhances the soil 
salinity. 
Sodium is an essential element for the growth of human body. 
However, higher concentration of sodium also adversely affects the person's 
suffering from cardiac diseases, renal diseases pertaining to circulatory 
system and high blood pressure. The guideline limit of podium in drinking 
water is 200mg/l (WHO, 1984). 
Sodium concentration in the study area range from 563.10 to 20.22 
mg/1 in deep aquifer during pre-and post-monsoon periods (2002-2003) 
respectively. Maximum concentration of the sodium was observed at 
Erumbur (563.10mg/l) and lowest at Nadiyapattu (20.22 mg/I). The higher 
value of sodium concentration observed in the south east and south of lignite 
mines, it may be due to infiltration of mines water and industrial effluents. 
Sodium concentrations in Cuddalore aquifers were low as compared to 
alluvial aquifers. About 77% and 79% of water samples fall within the 
maximum permissible limit during pre-monsoon and post-monsoon 
respectively. 
In shallow aquifers, sodium concentration ranges from 6422.75 to 
8.97mg/l and 6193.56 to 18.98mg/l during pre- and post-monsoon periods 
(2002-2003) respectively. Whereas, highest value observed at Cuddalore 
(6422.76mg/l), which could be were mainly due to seawater intrusion. While 
abnormally high concentration of sodium in the south and south east of 
lignite mines, may be due to infiltration of mines water and industrial 
effluents. However, low concentration of sodium in west and north west of 
lignite mines observed in some parts of Cuddalore Formation and area 
unaffected by lignite mining and associated industrial activities. About 39% 
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and 38% of water samples having sodium concentration above the 
recommended limit in pre-monsoon period (2002). 
Sodium is the most dominant cation that occurs in the study area. In 
general, sodium concentration in deep aquifers fall within recommended 
limits for drinking water except at few places. Whereas, sodium 
concentration in shallow aquifers is abnormally higher i.e. about 40% of the 
samples have above the recommended limits. Hence, shallow aquifers are 
least suitable for drinking and irrigation purposes in the study area 
POTASSIUM (K^) 
Potassium concentrations in natural waters are normally found lower 
then those of sodium. It may be due to relative resistance of potassium-
enriched rocks to weathering (Goldetech, 1938) and also due to reaction 
with the clay minerals. The chief sources of potassium in groundwater are 
weathering of potassium silicate rocks, rainwater and application of K-
fertilizers. Concentration of potassium in soil may also increase due to 
application of high doses of potassium rich fertilizers, which may disturb the 
existing equilibrium conditions between various stages of water circulation 
and the medium.. In addition to the other factors such as nature of clays, pH, 
organic matter, moisture content in the soil may also control the potassium 
concentration in the soil. 
In the study area, potassium is the least abundance among cations. Its 
concentration varies from 169.30 to 1.17mg/l and 146.48 to 1.1 Omg/1 in deep 
aquifers during pre- and post-monsoon periods respectively. Maximum 
concentration of potassium was observed at Pachchayamkappam 
(146.48mg/I), which may be due to the effect of seawater intrusion in these 
areas. 
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In shallow aquifer, potassium concentration ranges from 489.88 to 
0.39mg/l and 468.70 to 0.56mg/l during pre- and post-monsoon periods 
respectively. Maximum concentration of potassium was observed at Pinnalur 
(468.70 mg/1), which may be due to excessive application of potassium 
fertilizers. Abnormally high concentrations of potassium were observed 
along the Cuddalore coastal belt. 
In general potassium concentration were found high in shallow 
aquifers than in deep aquifers in major part of the study area. It is mainly 
due to application of K-fertilizers, whereas abnormally high concentrations 
of potassium in coastal track were may be due to seawater intrusion. 
In general, potassium concentrations in groundwater were low in 
comparison to other cations except at few places in the study area, where 
excessive application of K-fertilizers to enhance the crop production and 
impact of seawater in coastal belt. However, potassium is more toxic to fish 
and shell than calcium, magnesium and sodium (Brown et. al., 1970). 
BICARBONATE (HCO3) 
Bicarbonate is one of the common anion present in natural waters. 
Alkalinity and hardness in water are largely controlled by the presence of 
dissolved carbon dioxide in water. Sources of bicarbonate in groundwater 
are dissolution of carbonate rocks, released carbon dioxide by decaying of 
organic matter and also presence of carbon dioxide in soil and atmosphere. 
The carbon dioxide present in atmosphere has react with water to 
form weak acid termed as carbonic acid which dissolved the calcium 
carbonate present in soils and rocks enrich with calcareous matter. 
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CO2 + H2O = H'+HC03" 
CaC03 + CO2 + H2O = Ca^^ + 2H2CO3" 
Carbonate concentration in water having 600mg/l is considered safe 
and good for drinking and irrigation purpose (WHO, 1984). 
In deep water aquifers, bicarbonate concentration ranges from 411.80 
to 26.40mg/l and 384.64 to 27.86mg/l during pre- and post-monsoon periods 
(2002-2003) respectively. The highest value is recorded at Visur 
(41 l.SOmg/l), which may be due to proximity to Cretaceous limestones. 
Bicarbonate concentration in the south and south east of lignite mines were 
also relatively high because of impact of mines water and industrial effluents 
draining in these areas. 
In shallow water aquifers, bicarbonate concentration ranges from 680 
to 24.41mg/l and from 500.60 to 20.33mg/l during pre- and post-monsoon 
periods respectively. Where highest concentration observed at Pinnalur (i.e. 
680.18mg/l). in phreatic aquifer, bicarbonate concentration is more than in 
the deep aquifer. The higher concentration of bicarbonate observed in south 
and south cast of the lignite mines, which may be due to infiltration of mines 
water. 
s u l p h a t e : ( S O 4 ) 
Sulphate is one of the most abundant anion in natural water. The 
principal sources of sulphate in groundwater arc the results oxidation of 
sulphide mineral present in lignite. Sedimentary and Igneous rocks and 
volcanic emanations. Furthermore, the application of soil amendments (i.e. 
gypsum, pyrite, etc.), industrial discharge and atmospheric precipitation may 
also add significant amount of sulphate to groundwater (Chapman, 1992). 
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Concentrations of sulphate in groundwater were largely controlled by 
oxidation, reduction, precipitation and solution processes. 
The highest desirable and maximum permissible limits of sulphate in 
drinking water are 200mg/l and 400mg/l (ICMR, 1975, WHO, 1984) 
respectively. Whereas, Indian Standared Institute (ISI, 1984) as suggested 
highest desirable and maximum permissible limits of sulphate are 150mg/l 
and 400mg/l respectively. Sulphate concentration more than 250mg/l may 
cause gastrointestinal irritation. Elevated sulphate concentration may have 
laxative effects (WHO, 1984). Whereas, sulphate concentration exceed 
500mg/l may impart better taste. 
In deep water aquifers, sulphate concentration ranges from 561.95 to 
5.93mg/l and 464.93 to 3.06mg/l during pre- and post-monsoon periods 
respectively. Whereas, abnormally highest concentrations were observed at 
Erambur (561.95mg/l), Pinnalur, Valayamadevi, the area nearer to mines 
water which discharge their effluents in the south and south east of lignite 
mines. Abnormally high concentration has also been noticed along the 
coastal belts especially at Cuddalore, which may be probably due to the 
saltwater intrusion. About 25.50% of the samples in the pre-monsoon season 
having sulphate concentration more than the highest desirable limit. They 
were mainly confined to lignite mining and associated industrial regions and 
south and south-east of it which may be due to seepage of mines water let 
out from lignite pits into down gradient drains, ponds, nallas, etc. In general, 
sulphate concentration is higher in pre-monsoon period than those of post 
monsoon period. 
Sulphate concentration in shallow aquifer ranges from 1921.22 to 
13.45mg/l and 1610.44 to 12.86mg/l during pre- and post-monsoon periods 
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respectively. Abnormally high concentration were found south and south 
east of lignite mines and around mining area as a result of oxidation of 
marcasite (FeS2), which occurs sporadically in lignite deposits, Cuddalore 
sandstones and aquifer Sands in different forms. About 42.10% and 23.68% 
of water samples having sulphate concentration more than highest desirable 
limit during pre-monsoon and post-monsoon period respectively. Whereas, 
18.42% and 13.45% samples have sulphate concentration more than 
maximum permissible limit during pre- and post-monsoon periods 
respectively. 
In general, sulphate concentration in groundwater was more in 
phreatic aquifer than in deep aquifer and also more in pre monsoon period 
than in post monsoon period. 
Sulphate is the most dominant anion present in the study area. Higher 
concentration of sulphate in the upper confined aquifer (deep aquifer) during 
pre-monsoon is the results of oxidation of H2S enriched mines water pumped 
out from aquifer gets seeped into the groundwater and also by the oxidation 
of lignite beds (Karanth, 1987). 
CARBONATE (CO3") 
Carbonate concentration in the major part of the study area are very 
low, and large number of samples having concentration below detection 
level. The low concentrations of carbonates are due to the absence of 
carbonate rocks in the area. The higher concentration found in the mines and 
south and south east of mines are due to leaching of mines water and 
industrial effluents. Whereas, high concentration in the central part of the 
Mine-II, are due to the presence of highly mineralized zone in deeper 
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aquifers. High concentrations of carbonate in coastal track may be due to 
effect of seawater. 
TOTAL DISSOLVED SOLID (TDS) 
Total dissolved solids (TDS) represent the total concentration of 
anions and cations in water and it gave an idea about the general quality of 
water. High concentration of TDS corresponds to higher concentration of 
major cations and anions in water. 
Total Dissolved Solid (TDS) concentration, more than 2000-3 OOOmg/1 
is considered to be too salty to drink (Allan, et. al., 1979). The palatability 
of water depends upon the concentration of TDS in water. If TDS level less 
is than 600mg/l is considered to be good whereas more than 1200mg/l in 
drinking water is non-palatable (WHO, 1984). The permissible limit of TDS 
in drinking water lies in between 500 to 1500mg/l (ICMR, 1975). 
In the study area, TDS ranges from 2043.80 to 110.33mg/l and 
1743.80 to 104.89mg/l in deep aquifers during pre- and post-monsoon 
periods respectively. The highest concentration has been observed in the 
south and south east of the lignite mines, where untreated mines water and 
industrial effluents draining into agricultural fields and down streams 
drainages, ponds, lakes, etc. and peculate downward and ultimately enhance 
the TDS concentration in groundwater. Majority of deep wells are good in 
quality except few pockets lies central part of the Mine-II, along Gadilam 
river flow zone, south and south-east of mines and Coastal track in the study 
area. The TDS concentration in deep aquifer is high during pre-monsoon and 
lower in post-monsoon season. About 74.46%and 80.83% water samples fall 
within the safe limit for drinking and domestic purposes during pre- and 
post-monsoon periods respectively. 
156 
In shallow water zone, TDS concentration range from 21930.71 to 
64.93mg/l and 20181.70 to 84.45mg/l during pre-and post-monsoon period 
respectively. The distributions of TDS in shallow aquifers are similar to that 
of deep aquifers. In shallow aquifers, in general the TDS concentration is 
more than the deep aquifer. About 50.00% and 76.94% of the water samples 
fall within the fresh water range during pre-and post-monsoon periods. 
TOTAL HARDNESS (TH) 
Total hardness in water is mainly due to the presence of Ca"^ and 
Mg"^ and significant amount of iron and manganese if present are also 
included. Sum of the calcium and magnesium hardness is termed as general 
hardness. Hardness in water is divided into carbonate and non-carbonate 
hardness. Where carbonate hardness referred as temporary hardness and 
hardness remained in the water after boiling is called permanent hardness 
(Chapman, 1992) Public acceptability of hardness vary from community to 
community depending upon local factors. 
The maximum permissible limit and highest desirable limits of 
hardness is 600mg/l and 300mg/l respectively (ISI, 1983). Whereas, 
maximum permissible limit recommended by WHO (1984), for drinking 
water is 500mg/l. In general hard water does not have adverse effect on 
human being. It is generally reported that the cardiovascular diseases are 
confined in the areas having soft water (Crawford, 1972). 
In the study area, total hardness range from 706.37 to 24.05mg/l and 
539.86 to 33,14mg/l in deep aquifer during pre- and post-monsoon period 
respectively. Higher hardness was observed along the coastal zone, south 
and south east of lignite mines, mining-cum-industrial complex and along 
the Gadilam river flow zone. Higher hardness in the mining area, south, 
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southeast of mines may be due to leaching of mine spoils, infiltration of 
mines water and industrial effluents discharged in down stream. While in the 
Coastal belt and Zone of Gadilam River flow it may be the results of 
dissolution of anhydrate, gypsum and calcareous sandstones. About 8.51% 
of water samples in the study area are soft in pre- and post-monsoon periods. 
In shallow aquifers, total hardness ranges from 4627.13.to 29.70 mg/1 
and 4063.43 to 26.82mg/l during pre- and post-monsoon periods 
respectively. Highest hardness values were noticed at Cuddalore, which may 
be due to effect of seawater intrusion. In Phreatic aquifers, only 5.26% of 
water samples fall under the soft water categories while 25.53%, 10.65 and 
55.31%) lies under moderately hard, hard and very hard water categories 
during pre-monsoon period. 
In deep tube-wells groundwater is less hard in comparison to shallow 
aquifers and also hardness increases in pre-monsoon period. In general, 
major part of the study area, groundwater is generally hard and very hard 
and is within the permissible limits except at a few places. 
HYDROGEN ION CONCENTRATION (pH) 
Hydrogen ion (pH) concentration is an important variable in water 
quantity assessment and soil fertility as it influences growth of plants and 
soil organisms and it affects the sensibility of water for drinking, industrial 
and irrigation purposes 
The pH is a measure of the acidity and alkalinity of water and is very 
important character of water quality evaluation. Hydrogen ion (pH) 
concentration is defined as the negative of the logarithm to the base 10 of the 
hydrogen ion concentration (i.e. pH = logio[H'^ ]). The pH ranges from 0 to 
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14 where less than 7 indicates an acidic solution and more than seven 
indicates an alkaline while 7 indicates neutral solution. 
Temperature plays very important role in determining the pH at which 
neutrality occurs (Freeze and Chery, 1979). The pH in groundwater 
principally controlled by the balance of dissolved carbondioxide, carbonates 
and bicarbonates ions (Fletcher 1987). 
The highest desirable limit of pH for public water supply ranges in 
between 7 and 8.5, while the maximum permissible limit varies form 6.5 to 
9.2 (WHO, 1984). 
In the study area, pH value varies from 5.90 to 9.20 in the deep 
aquifers and 4.20 to 9.80 in the shallow aquifers during pre and post 
monsoon periods, highest value is recorded at village Pachchayankuppam 
(pH = 9.20) and lowest at village Nanakuppam (pH = 5.90). In case of 
shallow aquifers highest values are also recorded at Pachchayankuppam 
(pH=9.80) and lowest value at Vadakvellur (pH = 4.20). 
In general, the groundwater in the area is alkaHne in nature. However, 
acidic water was noticed only in few wells at lignite yard, southern part of 
the Mine-II, U Mangalam, Edakuppam, etc. The values of the pH on the 
whole are within the permissible limits except at few places in and around 
the mining and thermal power plants areas. 
ELECTRICAL CONDUCTIVITY (EC) 
Electrical conductivity is a measured of the ability of an aqueous 
solution to conduct electrical currents and it depends on the concentration of 
ionized substances present in water. In other words, the electrical 
conductivity is defined as reciprocal of the electrical resistance of one cubic 
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centimeter material at 25^C (Cutcheon et. al. 1993). It gives an idea about 
extent of mineralization and magnitudes of salinity in water. The electrical 
conductivity of 400 fi mhos/cm at 25"C is considered suitable for human 
consumption (WHO, 1984). 
The electrical conductivity values in the study area ranges from 3386 
to 206 fimhos/cm and 36718 to 120 ^imhos/cm in deep and shallow aquifers 
during pre and post monsoon periods (2002-2003) respectively. In post-
monsoon period, electrical conductivity ranges from 3096 to 146nmhos/cm 
and 31993 to 131^imhos/cm in deep and shallow aquifers respectively. The 
highest EC value was noticed at Erambur (3386 jimhos/cm) in deep aquifers 
due to infiltration of mine water and industrial effluents, and Base exchange 
reaction occurring in the sediments rich in sands, silts and calcareous 
sandstones. 
The high value of EC found in a wells south east of lignite and lowest 
north west of mines. The higher value of EC in the south east of mines may 
be due to seepage of mines water discharge into natural and man made 
drains flowing down gradient of the area (i.e. south east). The high value of 
EC was also observed along the Cuddalore coastal belt, which may be due to 
the seawater intrusion. 
In shallow aquifers highest EC value were observed at Cuddalore 
(i.e. 36718 |imhos/cm) it may be due to salt-water intrusion because of rapid 
industrialization and vibration along the Cuddalore coastal belt especially 
around the Cuddalore and Porto Nova towns. 
In general, EC value increase from north west to south east direction 
following the general hydraulic gradient. In Tertiary Cuddalore Formation, 
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the EC values are generally low in comparison to Recent alluvium formation 
in the north and southeast. 
A perusal of iso-conductivity map of deep (Fig.28) and shallow 
aquifers (Fig.29) shows north and north western part of the area falls in the 
ranges of 250 to 750 |imhos/cm whereas in north east and eastern part fall in 
the range more than 1500 ^mhos/cm. 
High degree of mineralization and salinization occurs in the proximity 
of thermal power plant and lignite mining areas and east and south of lignite 
mines as well as Cuddalore coastal belt. In shallow aquifers, EC value is 
comparatively more than deep aquifer. In general, the groundwater is fit for 
drinking and irrigation purposes in the study area except in the Neyveli 
lignite and Industrial complex area and south east of lignite mines as well as 
Cuddalore belt, where groundwater quality is very poor. 
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2. GRAPHIC REPRESENTATION OF HYDRO-CHEMICAL DATA 
The most important task in the groundwater study is compilation and 
presentation of hydrochemical data in a convenient way for visual 
explanation and interpretation of water quality. For which, graphic methods 
are used to display, comparing similarity and dissimilarity in cations and 
anions in a deep and shallow aquifers and also for pre-and post-monsoon 
data. A large number of graphic methods have been developed for 
representing large number of hydrochemical data viz. bar graph, vector 
diagram, pattern diagram, stiff, tri-linear diagram, etc. In the present study, 
tri linear diagram have been used for the presentation of chemical data 
because all other diagram provide quick visual comparison of individual 
chemical data but not suitable to display large number of chemical data, for 
which Tri-linear diagram is most suited. 
2.1 TRI-LINEAR DIAGRAM 
There are various methods of Tri-linear Plotting (Palmar, 1911, Hill, 
1940, Piper, 1944). Of which. Piper's Diagram has been used in the present 
study. The greatest application of Tri-linear diagram is to represent large 
number of hydro-chemical data for critical study of groundwater quality. 
Tiper 's Diagram consists of three distinct fields of which two triangular 
fields and one diamond shaped field. In the right and left triangular fields, 
i^iajor anions (CI", SO4 ", 1 \C0{, COf) and cations (Mg^^ Na^ K", Ca "^^ ) are 
I 
plotted in percentage respectively. While overall characteristic of water is 
rcpresenied in the diamond shape field by single point plotting which is 
intersection point, projected from the right and left triangle in the diamond 
Held. 
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2.2 HYDROCHEMICAL FACIES 
The concept of hydrochemical fades was developed by Back 
(1961,1966), Margan & Winner (1962) and Seaber (1962), to represent 
chemical composition of water in a convenient way by identifiable groups. 
Ophari and Toth (1989) had defined hydrochemical facies as distinct zones, 
having cations and anion concentrations described within defined 
compositional categories. According to Back (1966) hydrochemical facies is 
a function of lithology, solution kinetics and flow patterns of the aquifer. 
Hydrochemical facies have been identified on the basis of relative 
dominance of major cations and anions. For considering domination, 50% of 
the reacting value (out of total cations and total anions separately) has been 
considered as threshold value. In case of no clear dominance, relative 
abundances of individual parameters have been considered. Major cations 
and anions percentage value are plotted on Piper's Diagram to infer the 
hydrochemical facies in the study area. The plot of the hydrochemical data 
in Piper's diagram of deep and shallow water aquifers is shown in Fig 30 & 
31. It is inferred from the Tri-linear diagram, 53.19% and 61.70%) of water 
samples fall in Na + K- type facies, 4.25% and 2.12%) Mg-type facies. 
2.12%) Ca-type and 40.44% and 34.66% belong to no dominant type in deep 
aquifers during pre- and post-monsoon period respectively. While in anion 
categories, 55.33% and 51.04% no dominant- type, 25.53% and 27.65% 
HCOb +CO3 -type, 17.20% and 21.77 CI -type and 2.12% SO4 -type during 
pre- and post-monsoon periods respectively. 
In shallow aquifers, 76.31% and 86.82% of water sample belong to 
Na + K type, 21.06 and 10.55%) no dominant type and 2.63% Ca-type of 
water observed during pre and post monsoon period respectively. In case of 
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Cations Facies 
A. Magnesium (Mg ) Type 
B. Calcium (Ca ) Type 
C. Sodium (Na ) Type 
D. No Dominant Type 
Anions Facies 
E. Sulphate (SO4 ) Type 
F. Bicarbonate (HCO3 ) Type 
G. Chloride (CI ) Type 
H. No Dominant Type 
Fi<T.30: Tri linear diagram (Shallow aquifer) 
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E. Sulphate (SO4 ) Type 
P. Bicarbonate (HCO3 )Type 
G. Ctiloride (CI) Type 
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Fig.3I:Tri linear diagram (deep aquifer) 
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anion category, and 39.47% Cl-type, 7.89% and 5.24% SO4- type, 18.42% 
and 21.05% HCO3 + CO3 type and 34.22% no dominant type during pre-
and post monsoon periods (2002-03) respectively. 
Interpretation of hydro-chemical facies of groundwater from Piper's 
diamond field for pre and post-monsoon of deep and shallow aquifers shows 
continuous mixing between CI and HCO3 with few representations of SO4. 
The trend of Na and Ca -type facies in deep and shallow aquifers are similar 
while varies with seasons. HCO3 + Ci -type and SO4 + CI -type dominate the 
anions during post and pre-monsoon periods (2002-03) respectively. Na + K 
and SO4 + CI -type dominate the diamond field in the pre- monsoon period. 
On the other hand, mixed trends are observed in major cations and SO4 + CI 
-I- HCO3 -type in the post-monsoon period, which may be due to leaching 
/ 
from the mines waste, surface soil, retuned flow of mines and Industrial 
effluents. Pipers diagram show that the groundwater are contaminated due to 
weathering process, leaching and dissolution of surface soil, mixing, seepage 
of mines and Industrial waste water and by secondary precipitation. The 
Pipers diagram also reveals the fact that deep and shallow aquifers affected 
by the salinity problems except north and north-west of lignite mines. 
Hence, groundwater chemistry of deep and shallow aquifers is dominated by 
chemical weathering processes and impact of lignite mining followed by 
evaporation, infiltration and leaching of soils, mines water and industrial 
effluents. In general, Tri-lineat Diagram shows that groundwater in the study 
area belong to Na + K, SO4 + CI and SO., + CI + l iCOj -types. 
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3. SOURCES, CAUSES, IMPACT AND REMEDIES OF MAJOR 
IONS ON GROUNDWATER 
The abnormally high concentrations of major ions in mining area and, 
south and south east of mines are mainly due to large-scale exploitation of 
lignite, over exploitation of aquifer and associated industrial activities (i.e. 
two pit head giant thermal power plants, fertilizer plant, briquetting and 
carbonization plant, etc). However, in the coastal belt, abnormality in major 
ions concentration may be the result of seawater intrusion. 
The lignite mining and associated industries producing huge quantity 
of liquid and solid mines wastes, in addition to huge quantity of flyash 
produced by thermal power plants. The mine wastes and flyash contains 
large number of soluble salts. When came in contact with aqueous 
environment cause dissolution and release of large number of inorganic salts 
into solution. It enhances the major ion concentration in surface water they 
ultimately leach to groundwater as well. The seepage of mines water, flyash 
ponds water and uses of this water for irrigation in down stream villages 
resulted high concentration of major ions in deep and shallow aquifers. 
While high concentration of major ions in upper confined aquifers (deep 
aquifers) may be due to excessive depressurization of this aquifer for mine 
safety. 
The rapid industrialization and urbanization in the Cuddalore costal 
belt has resulted sharp decline of water level, which in turn invite seawater 
ingress landward and causing abnormally high concentration of major ions 
in coastal aquifers. 
In the west and north west (i.e. higher hydraulic gradient) of lignite 
mines have major ions concentration well within the permissible limit. In the 
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lignite mining and associated industrial areas and south and south east of 
mines have major ions concentration above the permissible limits. 
The high concentration of major ions in groundwater and surface water 
has adversely affected the water quality for drinking, irrigation and industrial 
purposes in the study area. 
In general, control of groundwater pollutions is more difficult than 
prevention since groundwater pollution is an irreversible process. Remedial 
measures to reduce the groundwater and surface water contaminations 
should first be applied near source of pollution from where it inter into 
hydrological system. The following remedial measures should be adopt to 
minimize the water pollution in the study area: 
> Covering of mine wastes and dry flyash ponds with lime or limestone, 
afforestation of spoil dumps, etc. 
> To reduce the area of groundwater pumping by constructing close 
space discharge wells and restricting to lignite bench. 
> Treatment of mines and flyash ponds water before discharging into 
agricultural field drains, ponds, etc. 
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CHAPTER-8 
TRACE ELEMENT 
HYDROCHEMISTRY 
CHAPTER - 8 
TRACE ELEMENT HYDROCHEMISTRY 
The concentration of certain elements in water found less than 0. lmg/1 
are termed as trace elements (Davis and De Wiest, 1966) and occur in trace 
amount in natural water. Many of the trace elements are also known as 
heavy metals (Freeze and Cheiy, 1979) because of their high density (i.e. 
five times more than water). 
Though it occurs in trace quantity but play an important role in 
assessing the suitability of water for drinking, industrial and agricultural 
purposes. Most of the trace elements are essential for the growth of 
organisms, physiological functioning of living tissues and regulate 
biochemical processes. While slight higher concentration above the 
permissible limit pose a serious threat to human health and functioning of 
ecosystem. Some metals, however, at elevated concentration may have 
severed toxicological effects on human beings (Champman, 1992). Hence, 
deficiency and excess of trace elements may adversely affects the growth of 
organisms, human health and functioning of ecosystem. 
Abnormally high concentration of trace elements in water can be 
attributed to both natural and anthropogenic sources. Natural sources of trace 
elements in water those that are inherent in the rocks and aquifer materials 
through which water circulate. Weathering of rocks attributes to release of 
heavy metals and thereby, oxidation, reduction and precipitation resulting 
high concentration of heavy metals in surface and groundwater. The 
anthropogenic sources (i.e. mining, industrial and agricultural activities, 
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burning of fossil fuels, etc.) contribute significantly high concentration of 
metals in water. 
In the study area, water samples were collected from groundwater 
(deep and shallow aquifers) for trace element analysis such as Pb, Zn, Cu, 
Cd, Mn, Co, Ni, Cr and Fe to assess the extent and potential of heavy metal 
pollution due to massive mining of lignite and associated industrial 
activities. An attempt has been made to evaluate the dispersion of trace 
elements in groundwater their sources and various health hazards has been 
evaluated in the investigation areas. The details of hydrochemical data of 
tracc elements during pre- and post monsoon (2002-2003) periods of 
shallow and deep aquifers are given in Appendix-XIII, XIV, XV and XVI. 
1. DISTRIBUTION OF TRACE ELEMENTS 
I R O N ( F e ) 
Iron found in fresh water ranging from 0.50 to 50mg/l (WHO, 1994). 
Generally iron occurs in groundwater in the form of ferric hydroxide and 
concentration less than 0.50mg/l. While high concentration of iron attained 
bv water of low pi I and water derived from swamps and peat bogs 
(Karanalh, 1997). Iron is an essential clement as food nutrient and requires 
10 to 50mg/day in healthy diet. But when iron concentration crosses the 
permissible limits, it becomes toxic. Children from 1 to 2 years of age are 
vulnerable to the iron toxicity from ingestion of iron supplement (Fairbank 
ct. al., 1971). 
WHO and US l-nvironmcnt Pollution Protection Agency have 
recommended the acceptable limit of iron as 0.30mg/l. Higher concentration 
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WHO and US Environment Pollution Protection Agency liave 
recommended the acceptable limit of iron as 0.30mg/l. Higlier concentration 
of iron will cause strain of plumbing texture, stains cloth during laundering 
and incrust well screen. Iron bearing water also promotes the growth of iron 
bacteria, which in turn shows clogging, effect. 
Iron in groundwater owes its origin from weathering of iron rich rocks 
and leaching from soils. However, principle anthropogenic sources of iron in 
groundwater are iron and steel manufacturing industries, metal plants, 
mining of iron rich rocks and iron ores. 
In the investigated area, iron concentration range from 9.107 to 
0.022mg/l in deep aquifer, while in shallow aquifer 4.963 to 0.630 mg/1. 
Thereby, indicating high concentration of iron in upper confined aquifer 
(deep aquifer) as compared to shallow aquifer, whereas the low 
concentration were observed in lower confined aquifer (deep aquifer). The 
high concentrations of iron in upper confined aquifers may be the result of 
over exploitation of groundwater for mine safety. In the study area, iron 
inherited in the geological formation includes Ferruginous Cuddalore 
sandstones, marcasite, magnetite, rutile, ilmenite, etc. Iron is released due to 
oxidation of marcasite, ferruginous Cuddalore sandstone and other iron rich 
minerals induced by sharp drop in peizometric surface due to massive 
depressurization of upper confined aquifers to mine safety and economic 
exploitation. 
In shallow aquifers, highest concentration of iron is found at 
Valiyamadcvi (4.963 mg/1) and lowest at Metukuppam (0.063 mg/1). Iron 
concentrations in all the representative water samples have concentration 
above the permissible limits WHO (1984) and IS! (1983) for drinking water 
supply. Iron is released from Ferruginous Cuddalore 
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sandstone as a consequence of redox condition and pH changes in relation to 
drop in water table due to massive depressurization of upper confined 
aquifers, intensive agricultural activities and leaching of mines water and 
industrial effluents. The average concentration of iron in shallow and deep-
water aquifers during pre and post monsoon periods (2002-2003) is given in 
Fig 32. 
In general, overall iron concentration in groundwater is very high i.e. 
above the permissible limit and is unfit for irrigation, domestic and industrial 
uses (i.e. for food processing, making beverages, dying, bleaching, 
manufacturing ice, etc.) in the investigated area. 
LEAD (Pb) 
Lead is naturally occurs metal in earth crust and contain up to 16mg/l. 
It is present in igneous rocks, sandstones, shales and carbonate rocks, which 
contain 16, 14, 80 and 16mg/l of lead respectively. Soil has a substantial 
capacity to absorb and retain lead partly because it forms strong complexes 
with humic matter. 
The principle sources of lead contamination in natural water are 
mainly the anthropogenic activities such as paint and pigment industries, 
battery, dyes, cosmetics, lead toys, water supply through lead pipes, food 
preservatives, pesticides, etc. (Goel, 1997). Lead is also the most serious 
food contaminant. 
Lead is a highly toxic metal and tends to accumulate in the skeletal 
structure of man and animals. It causes a range of health problems from 
behavioral and learning, delayed growth, impaired hearing in children, 
damage to brain and nervous system, reproductive problem in both men and 
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excessive lead in blood leads to anemia. The most common symptoms of 
lead poisoning are anemia, severe intestinal cramps, paralysis of nerves, loss 
of appetite and fatigue (Tram, 1979). 
Lead concentration in groundwater is generally low, due to solubility 
control and capacity of soil to absorb lead. The solubility of lead is also low 
(i.e. O.Olgm/1) in case of higher pH ( pH>8.00) value, while pH value below 
7 resulting high concentration of lead in the natural water (Hem, 1970). The 
maximum permissible limits of lead is 50|igm/l and lOOjugm/l suggested by 
BSI (1991) and WHO (1984) for drinking water respectively. 
In the study area, highest lead concentration recorded at SE 
Mandarkuppam (1.510mg/l) and at lignite yard below detection level 
(BDL).The average concentration of lead in deep aquifer (0.651mg/l) is 
generally more than that of the shallow aquifers (0.541mg/l) both during 
pre-and post-monsoon period (2002-03). 
About 87% representative samples of deep aquifers show lead 
concentration above the maximum permissible limit (0.05mg/l) as 
recommended by WHO (1984). The sources of lead in deep aquifer are 
probably inherent in aquifer sands, Cuddalore sandstones, clay and lignite. 
The over-exploitation of upper confmed aquifer for mine safety may 
disturbed the physico-chemical equilibrium, it may leads to oxidation of lead 
bearing minerals and causing high concentration of lead in upper confmed 
aquifers. 
In shallow aquifers, lead concentration ranges from 
1.431 to O.OlOmg/1 during pre- and pos-monsoon periods 
(2002-03) respectively. The highest concentration of lead is observed at 
Vadalur (1.431mg/l) and lowest at Karuveppliankurichi (0.010 mg/1). 
About 72.72% of the representative water samples having 
lead concentration above maximum permissible limits (0.05mg/l) 
as per the recommendation of WHO (1984). The lead concentration 
observed more in and around the lignite mines and Neyveli industrial 
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complex as well as south and south-east of it, whereas concentration of lead 
in the north and north-west of lignite mine is low. It may indicate that lead 
concentration in shallow groundwater is mainly due to leaching from flyash 
ponds, mines water, industrial effluents, etc. which in turn pollute the 
shallow groundwater bodies. Fig 33 shows lead concentration in shallow and 
deep-water aquifers during pre and post monsoon periods (2002-03). 
The average concentration of lead in shallow aquifers (0.396 mg/1) is 
generally lower than the upper confined aquifers (0.630 mg/1) both pre-and 
post monsoon periods (2002-03). Hence, sources of lead pollution in 
groundwater are may be the aquifer materials, Cuddalore sandstones, lignite 
and clay materials, which contain variable amount of lead. 
CHROMIUM (Cr) 
Chromium is one of the highly toxic metals, found in four common 
oxidation states ranging from Cr^^ to Cr"^ '^. Of which Cr'^ and Cr"^ '^ are of 
environmental concern. While trivalent form (Cr^^) is not present in waters 
with a pH greater than 5 due to low solubility of its hydrated oxides 
(McNeely and others, 1979). Trivalent chromium (Cr""^) is slowly oxidized 
to hexavalent state (Cr^*"), which is more toxic to human health and 
ecosystem. Trivalent chromium (Cr^^) is absorbed by silts, clays, and sands 
whereas hexavalent state remains in solution and in due course of time 
passes into aquifer system resulting in the deterioration of groundwater 
quality. 
Toxicity of chromium mainly depends upon the hardness of water, 
which works antagonistically with it. Toxicity also varies with temperature, 
pH, oxidation states of chromium (Cr^^ and Cr'^') and the species involved 
(Gocl, 1997). Chromium as a metal is considered biologically inert and has 
no role except in the form of Glucose Tolerance Factor (US Environmental 
Protection Agency Part-II, 1983) and has no nutritional value. Hexavalent 
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chromium (Cr^^) is irritating and corrosive to the mucous membrane, it has 
absorbed through skins and by inhalation (US Environmental Protection 
Agency, 1983). 
The common symptoms of chromium poisoning are disorder of skin 
and respiratory tract. Respiratory intake may lead to cancer of respiratory 
tract (Goel, 1997). Abnormally high concentration of chromium in 
groundwater may cause ulceration of nasal septum and dermatitis (Singh and 
Bhayana, 1986). 
The chief anthropogenic sources of chromium are metallurgical 
industries for manufacturing of various alloys, steel and domestic 
appliances, pigments, tanneries, photographic materials, corrosive inhibitors, 
refractive materials, burning of fossil fuels, cement, metal plating etc. 
Burning of coal alone discharge 3000 tonnes/year of chromium into the 
environments (Taylor and others, 1979). The natural sources are the 
weathering of basic and ultrabasic igneous rocks. Shale and Coal. Chromium 
in rocks and soils is generally present as insoluble oxides and is absorbed by 
clays and sands as a result of which only a small concentration of chromium 
goes into solution. Hence, concentration of chromium in groundwater is 
generally low. The presence of organic matter in soil leads to spontaneous 
reactions of Cr^^ to Cr^^ even at pH above 7 and thereby immobilization of 
chromium (Cr^^). Thus, Cr"^ ^ added to soil will remain mobile only if their 
concentrations enrich both the absorbing and reducing capacities of the soil. 
Sandy soil generally low in organic matter results in the migration of Cr"^ ^ 
down to saturated zone with ease. The Hexavalent chromium (Cr^^) 
concentration for drinking water has been recommended as 0.05mg/l by 
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bureau of Indian Standard (BIS, 1991) and Technology Mission Projects 
(1986). 
Chromium concentration in the investigated area varies from 0.634 to 
0.01 lmg/1 in deep aquifers during pre-monsoon period (2002). The highest 
concentration is observed at Erambur (0.634mg/l) and lowest at 
Scndappalayam (0.01 lmg/1). About 70% representative water samples of 
deepwells show chromium concentration above the maximum permissible 
limits (BIS, 1991). In general, average concentration of chromium in 
deepwells is 0.213and 0.152mg/lin pre- and post monsoon periods (2002-03) 
respectively. 
In shallow aquifers, chromium concentration ranges from 0.596 to 
0.008mg/l. The highest concentration of chromium is found at Karaimedu 
(0.596 mg/1) and lowest at Mettukuppam (O.OOSmg/l). About 54% 
representative shallow water samples show chromium concentration above 
the prescribed limits (BIS, 1991). Whereas average concentration of 
chromium noticed 0.173mg/l and 0.1 lmg/1, during pre-and post monsoon 
periods (2002-03) respectively, this is also higher than the prescribed limits. 
The average concentration of chromium in shallow and deep water aquifers 
during pre- and post-monsoon (2002-2003) is given in I-ig. 34. 
In general, average concentration of chromium 
in deep aquifers (0.213mg/l) is higher as compared to 
shallow aquifers (0.173mg/l) during pre-monsoon (2002). 
Abnormally high concentration of chromium in deep aquifers is probably 
due to oxidation of chromium bearing minerals with the excessive 
depressurization of confined aquifers for mine safely. High concentration of 
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chromium in shallow aquifer may be due to leaching of chromium 
from flyash ponds and mines water, industrial effluents, solid waste from 
mines and associated industries. The sources of high concentration of 
chromium in the groundwater in the area are mainly sediments containing 
chrome bearing minerals were derived from mineralized adjoining Indian 
peninsular shield. 
MANGANESE (Mn) 
Manganese is one of the essential elements for the growth of 
organisms. Its deficiency may retard growth and disrupt the nervous system, 
interfere with reproductive function, retard skeletal development and 
adversely affect the plant metabolism (Neely et al, 1979). Normal diet 
contains 2 to 9mg/day of manganese. However, high concentration may 
causes Manganism disease, which resembles Parkinson's disease and is 
characterized by a slapping gait, blurred speech cramps or tremors of the 
body, mental confusion, progressive deterioration in the Central Nerves 
System (CNS), lethargy etc. (Dreishbach, 1974). Guideline limit of 
manganese concentration have been established not on specific toxic effects 
but on aesthetic and economic considerations. Bureau of Indian standard 
(BIS, 1991) has suggested acceptable limits as 0.05mg/l, whereas, 
concentrations above 0.20mg/l make the water distasteful. The maximum 
permissible limit of manganese is 0.50mg/l as recommended by ICMR 
(1975), WHO (1984) and ISI (1983) for drinking water. For irrigation water, 
manganese concentration should not exceed 0.20mg/l in acidic soil while 
water containing lO.OOmg/l of manganese, can be used on neutral or alkaline 
soils (Environmental Studies Board, 1973). In case of protection of marine 
aquatic environment, manganese concentration may vary but limit has been 
fixed 20.00).Lgm/l for the production of marine aquatic life (Environmental 
Studies Board, 1973). 
The principle sources of manganese in groundwater are soils, 
sediments and weathering of manganese rich metamorphic rocks as well as 
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effluent discharged from iron and sleel industries, dye works, painting 
electroplating, etc. However, concentration of manganese in groundwater is 
generally low due to geochemical controls. Manganese concentration in 
groundwater is governed not only by its abundance in rocks, soils and 
sediments through which it is circulating but also on the pH and EC 
conditions prevailing in the environment under aerobic conditions and in the 
presence of CO2. Further manganese tends to be absorbed on clay, organic 
matter, freshly precipitated hydrated iron oxide, aluminate, silicates and 
calcite. However, if the redox potential decreases due to the occurrence of 
anaerobic conditions which may be caused either by some natural 
phenomenon e.g. flooding of land or by the introduction of highly oxidisable 
organic matter in groundwater, thereby, increase the manganese content in 
the groundwater. 
In the study area, highest manganese concentration in deep aquifers 
recorded at Senthanadu (2.483mg/l) and at few places noticed below 
detccUon level (BDL). Majority of deep tubewells show manganese 
concentration well within the permissible limit (0.50 mg/1) except two 
localities i.e. at Senthandu (2.483mg/l) and at Sathapadi (0.538mg/l). The 
average concentration of manganese is 0.166mg/l and 0.11 lmg/1 in deep and 
shallow aquifers during pre-and post monsoon periods (2002-03) 
respectively. 
In shallow aquifers, manganese concentration ranges from 3.619 to 
O.OlOmg/l, during pre-monsoon (2002), wherein highest concentration 
observed al Kunankurichi (3.619mg/l) and at places recorded below 
deicclion le\el (BDL). About 22% representative water samples show 
manganese concentration above the permissible limit. The average 
concentration in shallow aquifers is 0.462 mg/1, i.e. below the maximum 
permissible limit. The average concentration of manganese in 
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shallow and deep water aquifers during pre-and post-monsoon (2002-03) is 
shown in Fig.35. 
ZINC (Zn) 
Zinc is one of the most important trace nutrients for plants, animals 
and man. It play a vital role in the functioning of various enzymes, protein 
synthesis and carbohydrate metabolism (Toylore and Demaye, 1980). Zinc is 
not harmful to health and relatively non-toxic, even concentrations up to 
25.00mg/l have shown few adverse effects (McNeely et. al., 1986). Zinc 
deficiency may leads to retarded growth, dermatitis, loss of taste; sensitivity 
and delays in the rate of wounds heal (Carla, 1986). Zinc concentration 
above 3 mg/1 may not be acceptable, as it imparts an astringent taste (WHO, 
1993). Zinc concentration in surfacc.and groundwater rarely found above 
0.01 to 0.05mg/l respectively. 
The principal sources of zinc in groundwater include mining of lead-
zinc ores, industrial effluents particularly electroplating waste, fertilizers, 
fungicides, sewage sludge, etc. 
In the study area, during pre-and post-monsoon periods (2002-03), 
zinc concentration varies from 3.496 to 0.008mg/l in deep aquifers, where 
highest value is noticed at Sathapadi (3.496mg/I) and lowest near TPS-II 
(drinking water supply). Zinc concentrations in deep tubewells are well 
within the permissible limits (5mg/l). The average concentration is 
0.495mg/l and 0.344mg/l, during pre-and post monsoon periods (2002-03), 
respectively, which lies within the recommended limits of WHO (1984). 
In shallow aquifers, zinc concentration ranges from 1.843 to 
0.017mg/l, whereas, highest concentration is noticed at 
Valiyamadevi (1.843mg/l) and lowest at Mittukuppam 
(0.017mg/l). The average concentration is 0.173 and 0.143mg/lduring pre-
and post-monsoon periods (2002-03) respectively. 
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shallow and deep aquifers is well within the permissible limits. However, 
zinc concentration in deep aquifer is more in comparison to shallow 
aquifers. The average concentration of zinc in shallow and deep water 
aquifers during pre-and post-monsoon periods (2002-03) is shown in Fig 36. 
CADMIUM (Cd) 
Cadmium (Cd) is highly toxic metal to man and animals (Friberg et. 
al., 1974) and is a persistent bio-accumulative substance in the body of 
organism including human. Cadmium (Cd) in its ionic form is highly toxic 
to many organisms. The metal from the body of the organism of higher 
tropic level is not easily excreted causing an increase in its biological half-
life time. The biological half-life time of cadmium in man is found to be in 
the range of 10 to 30 years (Clarkson. 1975), causing pathological changes 
in kidney, tubules and glomerular changes (Itokawa et. al., 1974, Colucci 
et. al., 1975). It is evident that cadmium is carcinogenic element causing 
renal dysfunction, hypertension, growth inhibition, genetic defects and 
testicular tumors. Excessive concentration of cadmium in drinking water 
causcs ctai-ctai disease among the Japanese (Kobayashi, 1970). The 
recommended permissible limits of cadmium (Cd) in drinking water are 
O.Olmg/1 (ISI, 1983, WHO, 1984). However, a guideline value for cadmium 
is 0.003mg/l suggested by WHO (1993). 
In nature, cadmium (Cd) occurs in the form of sulphide and major 
quantity of cadmium (Cd) is found in association with Pb, Zn and Cu ores as 
impurities. The principle anthropogenic sources of cadmium (Cd) are 
industrial effluents associated with electroplating, copper and nickel alloys, 
paints, nickel-cadmium batteries etc. Further, sewage sludges, fertilizers. 
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pesticides and mines waste may significantly contribute cadmium in 
groundwater. 
The highest cadmium concentration in deep aquifer recorded at 
Pinnalur (0.59mg/l) during pre-monsoon period (2002) and at places noticed 
below detection level (BDL). In deep aquifer, average cadmium 
concentration is 0.0054 and 0.0022mg/l during pre- and post- monsoon 
periods (2002-03) and lies well within the maximum permissible limits. 
In shallow aquifers, highest cadmium concentration recorded at 
valiyamadevi (0.009mg/l) and several places found below detection level 
(BDL). The average Cadmium concentration in shallow aquifer is 0.0052and 
0.0038mg/l during pre-and post-monsoon periods (2002-03) respectively. In 
general, overall concentrations of cadmium in deep and shallow aquifers are 
within permissible limits except at Pinnalur. The average concentration of 
cadmium in shallow and deep water aquifers during pre- and post-monsoon 
periods (2002-03) is shown in Fig 37. 
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COPPER (Cu) 
Copper is an essential metal for human and plant metabolism (WHO, 
1973). It plays a vital role in Hemoglobin synthesis, connective tissue 
development and normal functioning of Central Nervous System (CNS). The 
greatest danger of copper toxicity arises when children consume beverages 
that have been in contacts with copper container (Food and Drug 
Administration, 1975). Copper deficiency may lead to anemia, diarrhea, 
demineralization of bones and Wilson disease (Kakar, 1986). Abnormally 
high concentration of copper (>3.00mg/l) in drinking water cause acute 
gastric irritation and long-term ingestion may give rise to liver cirrhosis. 
Maximum permissible limit of copper is 1.50mg/l as recommended by 
(WHO, 1984) and ISI (1983) for drinking water. The concentration up to 
0.05mg/l in drinking water is considered non-toxic (WHO, 1993). The 
concentration of copper in groundwater ranges from 0.064 to 0.554mg/l. 
The principal natural source of copper in groundwater include 
weathering of sulphide ores, oxidation of copper enrich rocks, etc., which 
contribute significant amount of Copper in groundwater. The chief 
anthropogenic sources are the industrial eflluent particularly by 
electroplating and electrical units, etc., fertilizer and pesticides, etc. which 
contribute significant amount of Copper in groundwater. 
In the study area, copper concentration ranges from 0.073 to 
0.004mg/l in deep tubewells during pre-monsoon period (2002). The highest 
value is recorded at southern part of Mine-II (0.073mg/l) and lowest at 
Mctlukuppam (0.004mg/l). The average concentration of copper in deep 
aquifers is 0.017and 0.012mg/iduring pre-and post-monsoon periods (2002-
03). All the samples of deep aquifers show copper concentration well within 
the permissible limits. 
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In shallow water aquifers, copper concentration ranges from 0.072 to 
0.003ing/1 during pre-monsoon period (2002). The highest concentration is 
noticed at Vadalur (0.072mg/l) and lowest at Karamedu (0.003mg/l). The 
average concentration of copper is 0.016 and 0.014mg/I during pre-and post-
monsoon periods (2002-03). The overall, concentrations of copper in 
shallow aquifers are fall within the permissible limits except at Vadalur. The 
average concentration of copper shallow and deep water aquifers during prc-
and post-monsoon periods (2002-03) is shown in Fig 38. 
NICKEL (Ni) 
Occurrences of nickel in natural deposits are generally less and found 
in association with other elements. The nickel concentration in groundwater 
is generally low because of low solubility of nickel salts, formation of 
complexes and adsorption on iron and manganese hydroxide during 
percolation. 
The chief anthropogenic sources of nickel metal are the effluents from 
electroplating plants, steel alloys, dyes and textiles, nickel-cadmium 
batteries and chemical industries contributing significant amount of nickel in 
groundwater. 
Abnormally high concentration of metal leads to health hazards. 
Persistent contact with Nickel salt in aqueous solution causes dermatitis and 
repeated irritation of Nickel compound may cause lung cancer (McNeely, 
1979). lilevated concentration of nickel as soluble and sparingly soluble 
complexes is considered to be carcinogenic in relation to pulmonary 
exposure (WHO, 1993). The concentration of Nickel in drinking water is 
normally less than 0.02mg/l (WHO, 1993). 
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In the investigated area, nickel concentration ranges from 0.09mg/l to 
below detection limits (BDL) at several localities in deep aquifer during pre-
monsoon period (2002). The highest value is recorded at Pinnalur 
(0.090mg/l). The average concentration of nickel is 0.037 and 0.046mg/l 
during pre-and post- monsoon periods (2002-03). In general, majority of 
deep tubcwclls showing nickel concentration above the normal 
concentration (0.02mg/l) in groundwater .It may be due to oxidation of 
magnetite, marcasitc, rutile, ilmenitc, etc., arc present in the Cuddalore 
sandstones, aquifer sands, clay and lignite. 
In shallow aquifer, nickel concentration ranges from 0.293 to 
O.OlOmg/1 during pre-monsoon (2002). The highest value is noticed at 
Cuddalore (0.293mg/l) and lowest at Erumbur (O.OlOmg/1). The average 
concentration of nickel is 0.051 and 0.044mg/l during pre-and post-monsoon 
periods (2002-03), which is above the maximum permissible limits in 
drinking water. 
In general Nickel concentration in deep and shallow aquifers show 
higher concentration than the maximum permissible limit for drinking water 
(0.3mg/l) as suggested by WHO (1993). The average concentration of nickel 
in shallow and deep water aquifers during pre-and post-monsoon periods 
(2002-2003) is shown in Fig 39. The Fig.39 reveals that the average 
concentration of nickel in shallow aquifers is more than that of deep water 
aquifers. 
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2. SOURCES, CAUSES, IMPACTS AND REMEDIES OF HEAVY 
METAL POLLUTION 
In general, heavy metal pollution in hydrological system is more 
severe and potential threat to human health and ecosystem than physico-
chemical changes in water quality. 
The principal sources of heavy metal especially Fe, Pb and Ni in the 
study area is Ferruginous Cuddalore sandstones that contains heavy minerals 
viz. magnetite, rutile, zircon, kynite, etc., marcasite (Fe2S), clay, lignite and 
aquifer sands release significant amount of heavy metals. 
The massive lignite mining, over exploitation of Neyveli aquifer and 
associated industrial activities disturbed the natural dynamics of Neyveli 
basin results change in pH and redox condition with the falling water level. 
This in turn release large amount of heavy metals, which subsequently inter 
in hydrological systems of Neyveli basin. 
Mines waste water, flyash ponds water and other industrial effluents 
and heavy pumping of confined aquifers contains significant load of heavy 
metals which are being discharge directly into agricultural fields, drains, 
ponds etc. without any primary treatment, that subsequently contaminate 
soil, surface water bodies and shallow aquifers in the south and south east of 
lignite mines, around lignite mining and associated industrial areas. 
However, heavy metals contamination in deep aquifer (i.e. upper confined 
aquifer) is mainly due to massive depressurization of upper confined 
aquifers resulting in the release of heavy metals due to change in the pH and 
redox condifions with the fall of piezometric head. 
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The elevated concentrations of few heavy metals (i.e. Fe, Pb, Ni, Cr 
and Mn) have adversely affected the water quality for drinking, irrigation 
and industrial uses in the study area. They may also pose a severe threat to 
human health and biotic life in the Neyveli lignite region. 
Although it is one of the toughest tasks to minimize the heavy metal 
pollution in the study areas, however the following remedial measures may 
be adopted to minimize the accelerated rate of heavy metal contamination in 
the Neyveli mining region: 
> To constrain the further falling of water level and piezometric head by 
stabilizing pumping through establishing close space pumping wells 
in lignite bench only. 
> To setup treatment plants at mines and industrial discharge points, 
utilize treated water for thermal power plants and other associated 
industries as well as for irrigation. 
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POLLUTION HAZARDS AND WATER QUALITY 
1. POLLUTION HAZARDS 
Pollution hazards, whether natural, human or technological in origin 
has alter the water, air and soil chemistry, which directly or indirectly harm 
human life, plant and animal kingdom. 
Mining is one such devastating activity that not only disrupts 
ecosystem but also responsible for a variety of socio-economic maladies and 
raise a range of environmental problems. On the other hand mining industry 
is a backbone of many modem industries but on the other it poses many 
challenges related to social and environmental issues. The environmental 
issues are yet to be integrated in the mining and beneficiation of mineral 
resources in time to come. 
Pollution hazard associated with mining and related activities are 
diverse, depends on the type of mining, whether opencast or underground, 
geology, hydraulics, physiography, depth of occurrence of mineral deposits, 
etc. The opencast mining is more disastrous to ecology and human health in 
comparison to underground mining. The opencast mining causes total 
disruption of natural vegetation and habitat, loss of top soil, indiscriminate 
disposal of overburden material and industrial waste, erosion of exposed 
surface and soil creeping in the elevated overburden deposits, etc. 
In the study area, potential significant pollution hazards are associated 
with opencast lignite mining and related industrial activities. Neyveli lignite 
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opencast mines and two pit head thennal power plants, urea plant, 
briquetting and carbonization plant raises series of environmental problems, 
ranging from land degradation, ambient air quality determination and 
surface and groundwater contamination and total disruption of 
hydrodynamic setup of the Neyveli region. The potential source of pollution 
hazards in the study area includes: 
1.1. OVERBURDEN WASTE 
Overburden material is one of the principal sources of pollution 
hazards in the area, which adversely affect the soil, air and water quality. 
Opencast lignite mining in the study area required removing about 5 CM of 
overburden for one tones of lignite. On an average 100 MCMA^ of 
overburden is removed, transported and dumped outside the mine boundary 
and in the later stages it is also used in backfilling of mined out area. The 
detail of annual removal of overburden material from Mine-I and Mine-II is 
given in Appendix-VIII and Fig 40A. 
Overburden material consists of FeiTUginous Cuddalore sandstones, 
fire clay, white clay and Recent alluvium in the Mine-II area. The 
overburden waste piles may have high permeability to both air and water 
and it may oxidize the oxides (i.e. Magnetite, ilmenite, etc.) and sulphide 
(i.e. Mercasite) minerals present in it, to form sulfuric acid. The higher 
neutralizing potential of overburden materials and sporadic occurrence of 
marcasite, magnetite, ilmenite, etc, that controls the acid formation. 
The dispersion of large quantity of airborne particulates during 
excavation, transportation and dumping of overburden material results in the 
formation of dust clouds in the atmosphere. They may participate in the form 
of fine dust over several kilometers in the wind direction. 
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The overburden dumps is very susceptible to soil erosion because of 
its friable, fine grained and highly permeable in nature that results in the 
formation of gullies, ravines, etc. Overburden dump is biologically inert and 
spread in the surrounding fertile land, which result in the loss of productivity 
of agricultural fields. 
Overburden material may contain various soluble salt and toxic 
elements that are dissolved, released and runoff into drains, ponds, 
agricultural fields, etc. during rainy season. It may contaminate surface and 
groundwater as well as soil. 
1.2. MINES WATER 
Water, which is accumulated in the mine sumps from different 
sources such as rainwater, seepage from semi-confined and water table 
aquifers lying above the lignite seam, water spraying for dust silting, etc., 
come under mine water. The details of annual pumping of mine water from 
Mine-I are shown in Appendix-XVII and Fig 40. 
Mine water exposed to sulflir bearing minerals (i.e. marcasite) in an 
oxidizing environment may become acidified. It may lead to the 
mobilization of metal and other constituents. Mine water pump out from the 
mine pits into drains, channels, ponds, agricultural fields, etc., may be 
responsible for surface and groundwater quality deterioration and soil 
contamination in the study area. 
1.3. OVER-EXPLOITATTION OF GROUNDWATER 
Mining of lignite in the Neyveli Lignite Field is not possible without 
reducing pressure head below the lignite seam otherwise it may burst the 
mine floor and jeopardize the mining operation. The large scale pumping of 
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groundwater is inevitable to reduce the pressure head up to a desire level. 
The decline of pressure head lead to change of redox potential and pH, result 
in the mobilization of metals and other constituent which subsequently 
pollute the groundwater resources in the mine area. The details of annual 
pumping of groundwater are shown in Appendix-XVIII and Fig. 40. 
Depressurization of aquifer creates a huge cone of depression around 
the lignite mines area and it may prevent contamination from reaching the 
surrounding aquifers. After mines are abandoned, mine pits may completely 
or partially filled up with water. With time, this may lead to uncontrolled 
release of mine water and pose potential threat to biotic life and contaminate 
the surface and groundwater resources. 
1.4. INDUSTRIAL EFFLUENTS 
The large quantity of wastewater discharged from the thermal power 
plants, urea plant, brequetting and carbonization plant into open channels, 
ponds, agricultural fields, etc., without any treatment in the study area. 
These effluents contain various toxic elements, which leached downward 
and subsequently contaminate groundwater. The utilization of industrial and 
wastewater for irrigation by down stream villages may in the long run 
pollute the soil and reduces the crop production. 
L5. FLYASH 
Lignite base pithead thermal power plants in the study area generating 
huge quantity of flyash. Disposal of flyash generated by them pose serious 
environmental problems because on an average one hectare of the land is 
needed for ash disposal for every MW generating capacity of the plant 
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(Murty, 1996). Besides this flyash disposal is a potential source of air, soil 
and water pollution in the Neyveli region. 
Burning of lignite in a thermal power plant automatically releases 
toxic gases (i.e. SO2, CO2 and NOx) and influx of various heavy metals into 
the atmosphere. The wind blown particulates spread into surrounding areas 
from naked dried flyash ponds may also pose serious environmental hazards. 
Flyash contains a range of toxic elements such as Hg, As, Pb, Cr, Cd, 
etc. The leakage, overflow, percolation and subsequent leaching of these 
heavy metals from flyash ponds may cause severe heavy metal pollution in 
surface and groundwater and soil as well. The discharge of untreated flyash 
ponds water is a potential source of pollution to aquatic biota of the area. 
2. WATER QUALITY STANDARDS IN STUDY AREA 
The basic aims of hydro-chemical investigation of groundwater in the 
study area is to assess and evaluate the impact of lignite mining on water 
environment and its suitability for domestic, irrigation and industrial 
purposes. The term water quality includes physical, chemical and biological 
character of water. However, there is no consensus developed yet over the 
quality criteria, which has to be universally accepted. There are various 
International and National agencies, which have their own standards to 
establish quality criteria by determining chemical constituents and standards, 
are specified. The water that is not suitable for drinking may be good for 
irrigation or unsuitable for irrigation may be good for industrial purposes 
(Goel, 1997). 
In the present study, only physical and chemical parameters of 
groundwater are considered to establish its suitability for various uses. 
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2.1. DRINKING WATER QUALITY 
Today, water quality surveillance is much felt because of growing 
contamination of groundwater, lake water, rivers and even treated drinking 
water supply. The close relationship between human health and water 
quality are observed globally. Various National and International 
organizations such as ICMR (1975), ISI (1983), WHO (1971,1984) have 
suggested certain drinking water standards. The main objective of these 
guidelines is to ensure the health of the people and to combat pollution 
hazards. 
The summary of the chemical analysis of the water quality of the 
study area is compared with drinking water standards of WHO (1984) and 
ISI (1983) is given in Table-XXXII. 
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Table-XXXll: Range of Chemical Constituents in Groundwater and 
their Comparison with Drinking Water Standards: 
WHO (1984) and ISI (1983) 
Chemi 
cal 
WHO (1984) 1SI(1983) Concentration 
Study area 
Ranges in 
Param 
eter 
Highest 
desirable limit 
(mg/l) 
Maximum 
permissible 
limit(mg/l) 
Highest desirable 
iimit(mg/I) 
Maximum 
permissible 
limit(mg/l) 
Deep Aquifer 
(mg/1) 
Shallow Aquifer 
(mg/1) 
pH 7 00-8 50 6 50-9 20 6 50-8 50 6 50-9 50 9 20-6 10 9 80-5 30 
TH ICQ 500 300 600 706 37-24 05 4627 13-29 70 
Ca 75 200 75 200 178 90-10 41 525 05-8 02 
Mg - 150 30 100 72 84-1 20 805 00-4 36 
CI 200 600 250 1000 637 00-16 61 11653 16-22 15 
S04 200 400 150 400 561 95-3 06 1921 22-12 86 
Fe 0 10 1 00 0 30 1 50 9 107-0 022 4 963-0 063 
Cu 0 05 1 50 0 05 1 50 0 073-0 003 0 077-0 002 
Mn 0 05 0 50 0 10 0 50 2 483-0 006 3 619-0 010 
Zn 5 00 15 00 5 00 15 00 3 496-0 008 1 843-0 017 
Ni - - - No relaxation 0 098-0 012 0 293-0 008 
Cd - 0 0 1 0 0 1 No relaxation 0 059-0 001 0 042-0 001 
Pb - 0 05 0 10 No relaxation 1 510-0010 1 431-0010 
Cr - No relaxation 0 05 No relaxation 0 583-0 006 0 596-0 008 
The Table-XXXII show that the TH, EC, I D S , Ca, SO4, CI, Na, 
HCO3, are well within the permissible limits of WHO (1984) and ISI (1983) 
in the north and north west of the lignite mines in both deep and shallow 
water aquifer except at a few places. However, in the south and south-east of 
lignite mines show higher concentration of all the major cations and anions 
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and are above the permissible limits in shallow upper confined aquifers. 
Higher concentration of all the major cations and anions also recorded along 
the coastal track and arc above the permissible limits. Thereby, groundwater 
in this area is characterized by high degree of salinity in the south and south 
east of lignite mines and along coastal belt. While north and north-west of 
lignite mine area have good quality of groundwater at places notice slightly 
brackish. In general, groundwater is hard and very hard, and of alkaline in 
nature except at few places. 
Heavy metal concentration, especially Fe, Pb, Cr and Ni, in deep both 
and shallow aquifers found to be above the highest desirable limit in major 
part of the study area. The concentration of heavy metals in and around 
lignite mines and south and southeast of it have higher than the north and 
north-western parts and it concentration decreases away from the mining-
cum-industrial belt. The high Concentrations of Fe, Pb and Cr in the study 
area arc most toxic and harmful to human health and also deteriorate the 
ccosystcm in the region. It may be due to heavy withdrawal of groundwater 
from upper confined aquifers and impacts of mining and associated 
industrial waste release toxic metals, which in turn contaminate the shallow 
groundwater bodies in the study area. 
2.2 WATER QUALITY STANDARDS FOR IRRIGATION 
The suitability of groundwater for agricultural utility is a \ery 
complex problem and difficull to set common criteria on universal basis. 
Bccausc growth of the crops may also depends on other lactors like TDS, 
relative proportion of Na and Ca + Mg, nature and composition of soil and 
sub-soil, depth to water table, topography, climate and type of crops, etc., 
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which play important role in studying the suitability of water for agricultural 
utility (Karanath, 1987). Good quality of water with proper cropping 
practices permit maximum yield consistence with proper soil and water 
management (Fletcher, 1987). 
Studying the parameters like %Na, SAR, TDS, EC and trace elements 
assesses the agricultural suitability of groundwater and surface water. The 
higher %Na in groundwater may deteriorate the soils (Goel, 1997) and also 
higher accumulation of salt damage the sensitive crops because of sodium 
phototoxicity It also reduce the germination of seeds as it causes 
flocculation, which in turn form impermeable crust and reduce the 
permeability and fertility of the soil (Hem, 1959). 
Specific limits of permissible salt concentration in water can't be 
fixed because of the wide variation in salinity tolerance among different 
plants. However, various classifications has been proposed by different 
scientists, organizations and agencies which are listed below: 
1. %Na - Eaton (1950), Wilcox (1955) and Todd (1959) 
2. SAR - Richards (1954) 
3. EC - Welcox(1955) 
4. RSC - Richards(1954) 
5. Kellys Index - Kelly(1940) 
6. USSL diagram - Richards(1954) 
7. Welcox diagram - Welcox(1948) 
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In order to evaluate the suitability of groundwater in the stud area for 
irrigation, electrical conductivity (EC), relative proportion of sodium to 
other cations, SAR, RSC, and concentration of certain specific elements are 
taken into consideration. 
The %Na is most important parameter used in the classification of 
water for agricultural utility because sodium reacts with soil to reduce its 
permeability (Todd, 1980). Hence high concentration of sodium in water 
retards the plants growth and increases the soil salinity. The sodium content 
in water is denoted by %Na. 
% Na = . ,00 
(Cfl + Mg + Na + K ) 
The values of individual constituents are taken in epm. Where, soil 
collides have a tendency to absorb sodium (Na) ions, if the sodium (Na) ions 
concentration in water reached beyond 50%. It may replace the ions like 
calcium (Ca) and magnesium (Mg) in soil by Base Exchange reaction. 
Sodium percentage (%Na) up to 50% is acceptable for agricultural use and 
above which enhance the alkalinity of soil resulting soil degradation and 
retard the plants growth. Welcox (1955) had classified water for agricultural 
utility based on percent Sodium (%Na) and Electrical Conductivity (EC) is 
given in Table-XXXII 1. 
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Table-XXXIIl: Classification of Water for Agricultural Utility 
(Welcox, 1955) 
Water class %Na EC 
(|a,mhos/cin) 
% in Study 
Area 
(%Na) 
% in study 
area 
(EC) 
Deep 
Aquifer 
Shallow 
Aquifer 
Deep 
Aquifer 
Shallow 
Aquifer 
Excellent <20 < 2 5 0 2.12 - 4.25 7.89 
Good 20-40 250-750 12.76 15.78 38.29 13.15 
Permissible 40-60 750-2000 55.31 39.47 38.29 50.00 
Doubtful 60-80 2000-3000 27.65 39.47 14.89 13.15 
Undoubtful >80 >3000 2.12 2.63 4.28 15.81 
In deep aquifers, only 2.12% of water samples belong to excellent to 
good classes, 12,76% belong good to permissible classes, 55.31% belong 
permissible to doubtful classes, 27.65% belong doubtful to unsuitable class 
and 2.12% belong to unsuitable class. 
In shallow aquifers, no water sample fall in the class of excellent to 
good, 15.78% fall in good to permissible class, 39.47% fall in permissible to 
doubtful and doubtful to unsuitable classes, and 63% belong to unsuitable 
classes. 
2.3 SALINITY AND SODIUM HAZARDS 
The total dissolved solid content in water is measured in tenns of 
specific electrical conductance and gives an idea about the salinity hazards 
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for irrigation water. High concentration of TDS in water may also 
adversely affect the plant growth and enhance the soil salinity. 
Sodium Absorption Ration (SAR) may assess agricultural suitability 
of water because of its direct relationship with the absorption of sodium (Na) 
by soil. Based on SAR and EC, US Salinity Laboratory Staff (USSL, 1954) 
had classified groundwater for agricultural purposes into different classes. 
SAR and EC are the index of salinity hazards, which adversely affect the 
quality of irrigation water. 
The SAR is defined as 
s/iCl + Mg ) / 2 
Where concentration of these ions are expressed in epm. 
The quality classification for irrigation water as suggested by USSL (1954) 
is given in Figs 41 and 42, and Table-XXXIV. 
Table-XXXIV: Water Quality Classification for Irrigation (after 
USSL, 1954) 
Water class Salinity hazards 
(EC [1 S/cm) 
Alkali Hazards 
(SAR) 
% in Study Area 
Deep 
Aquifer 
Shallow 
Aquifer 
Excellent <250 <10 72.34 59.45 
Good 250-750 10-18 19.14 21.05 
Moderate 750-2250 18-26 2.12 10.52 
Poor >2250 >26 6.20 8.90 
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Electrical Conductivity (EC) and Sodium Absorption Ratio (SAR) are 
plotted on US Salinity diagram (Fig.41, 42) which reveals Salinity and 
Alkalinity Hazards in the study area. The Salinity diagram (Fig.41, 42) 
shows that groundwater in deep aquifers is excellent to good quality, where 
72.34% water samples belong to CpSi class, 19.04% C2-S2 class, 2.12% 
C3-S3 class and 6.20% C4-S4 class. In general, groundwater in deep aquifer is 
good for irrigation. 
In shallow aquifers, about 59.45% belong to CpSi class, 21.05% 
C2-S2 class, 10.52% C3-S3 class and 8.90% C4-S4 class, which indicate that 
majority of shallow aquifers, are also good for irrigation except in few 
pockets. 
In deep aquifer, SAR values are less than 10 in 93.61% of the water 
samples and about 25% samples having EC value more than 1500fx 
mhos/cm, which indicate low Alkalinity and Salinity Hazards. In shallow 
aquifers, SAR is less than 10 in 86% of the samples. Whereas, 42% of the 
samples having EC value more than 1500 mhos/cm, thereby indicating 
low Alkalinity and slightly high Salinity Hazards. The classification of 
irrigation water based on different chemical constituents and SAR value 
(Goel, 1979) are given in Table-XXXV and XXXV1. 
Table-XXXV: Suitability of Water for Irrigation (After Goel, 1977) 
Water class TDS (ppm) S 0 4 (ppm) CI (ppm) %Na EC(nS/cm) Surtability for irrigation 
I 0-700 00 0-192 00 0-142 00 0-60 00 0-750 00 Excellent to Good 
II 700 00-2000 00 192 00-
480 00 
142 00-355 00 60 00-
75 00 
750 00-2250 00 Good to injurious suitable only with 
permeable soil and Moderate 
Leaching harmful to sensitive crops 
III >2000 00 >480 00 >355 00 >75 00 >2250 00 Unfit for irrigation 
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Table-XXXVl: Suitability of Water for Irrigation with Different 
values of SAR (after Goel, 1977) 
SAR Suitability for irrigation 
0-10 Suitable for all types of crops and all type of soils except for those 
which are highly sensitive to sodium (Na). 
10-18 
18-26 
Suitable for coarse texture or organic soil with good permeability. 
Relatively unsuitable in fine texture soil. 
Harmful for almost all types of soil, required good drainage, high 
leaching and gypsum addition 
>26 Unsuitable for irrigation 
On comparing the data of the study area with the water classification 
for irrigation (Goel, 1977) given in Table-XXXV and XXXVl, it is 
observed that majority of deep water samples belong to class -I except in 
few pockets (i.e. south and south east of lignite mines) and it is suitable for 
all types of crops and soils. While in shallow aquifers, majority of the water 
sample belong to class-ll and some are class-Ill also. In the north and north 
west of lignite mines, where majority of the samples are good for all crops 
and all types of soils and in south and south east of mines belong to class-lll 
type, which is unfit for drinking and irrigation. 
2.4 RESIDUAL SODIUM CARBONATE (RSC) 
Agricultural quality of water is also asse.s.sed b\ the Residual Sodium 
Carbonate (RSC) and expressed as: 
RSC = (CO^- + HCO3") - (Ca" + M g " ) 
Where concentration of chcinical constituents are taken into epm. 
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If the carbonate (CO3"') and bicarbonate (HCOs") exceeds the calcium 
(Ca") and magnesium (Mg^^) concentration in water it leads to greater 
alkali formation than by SAR (Richards, 1954) and thereby decreasing soil 
permeability. According to United States Salinity Laboratory Staff (USSL, 
1954), water containing more than 2.50 epm of RSC is not fit for irrigation, 
2.50 to 1.25 epm is marginally fit for irrigation and less than 1.25 epm, is fit 
for irrigation. High concentration of RSC results deterioration of soil 
structure and restricting water and air movement in soils. Richards (1954) 
had classified water for agriculture utility on the basis of RSC is given in 
Table- XXXVll . 
Table-XXXVll: Water Quality Classification for Agricultural Utility 
Based on SAR (After Richards, 1954) 
Water quality RSC 
(epm) 
% in study Area 
Deep Aquifer Shallow Aquifer 
Good <1.25 91.50 97.30 
Medium 1.25-2.50 6.30 2.63 
Bad >2.50 2.10 -
While comparing the value of RSC of the study area with the 
classification for irrigation water (Tablc-XXXVll) given by Richards 
(1951), which reveals that the major part of the study area having negative 
RSC values is less than 1.25 epm, thereby, indicafing groundwater is fit for 
irrigation. 
2.5 TRACE ELEMENTS 
Trace elements act as micronutrients that are requiring for the proper 
and healthy growth of plants. The deficiency of certain trace elements in 
water and soils retard the growth of plants and affect the plant metabolism, 
hence nutrients value of trace elements cannot be ignored in irrigation water. 
Federal Water Pollution Control Federation USA (1968) and Ayers and 
Branson (1975) put forward tolerance limit for irrigation water as shown in 
Table-XXXVIII. 
Table-XXXVIII: Trace Elements Tolerance Limits of Irrigation Water 
(After FWPCF, 1968 and Ayers and Branson, 1975) 
( onslitucnts Wate r Use Wate r Use Range in s tudy 
( F \ \ I ' C F 1%8) (Ayers & Branson,1967) 
Area 
Continuous Shor t term in fine 
texture 
Continuous Shor t term in fine 
texture 
Deep Aqu i f e r Shallow 
Aquifer 
f c 1 00 20 00 5 00 15 00 0 0 2 2 
9 107 
0 630-4 963 
Cd 0 005 0 05 0 0 1 0 05 B D L - 0 0 5 9 BDL-0 042 
I'll > 00 10 00 5 00 10 00 B D L - I 510 0 010-1 431 
Mil 2 00 5 00 0 200 10 00 0 0 0 6 - 2 4 8 3 0 010-3 619 
Cii (1 2(1 
1 
^ (10 0 20 > 00 0 0 0 3 - 0 0 7 3 0 002-0 077 
1 
/ n 
1 
^ 00 1 10 I I I ! 2 0(1 10 00 0 0 0 8 - 3 4 9 6 0 012-1 843 
Cr 0 oo'; 0 0 10 1 00 0 0 0 6 - 0 583 0 008-0 596 
C o 0 20 10 00 0 M) 5 0 0 B D L - 0 63 BDL-0 358 
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Micronutrient such as Fe, Co, Ni, Mn, Zn, Cu, Cd, Pb and Cr were 
analyzed for trace elements distribution in groundwater in the study area. 
Results of trace elements analyses in the study area, when compared with 
standard limits of FWPC (1968) and Ayes and Branson (1975), it was found 
that the concentration of trace elements are well within the permissible limit 
except few places where concentration of Fe, Cd, Co, and Mn are above the 
permissible limits, on the whole groundwater in the study area are deficient 
in Cu, Pb and Zn. 
3. VERTICAL VARIATION IN GROUNDWATER QUALITY 
In order to the assessment of the impact of lignite mining and 
associated industries, especially thermal power plants on different aquifer 
systems with multiple depth reveal the groundwater quality variation with 
depth. Lithology, geomorphology, climate, rainfall, soil leaching, etc. and 
anthropogenic activities such as mining, urbanization, industrialization, etc. 
that also the control the groundwater quality in time and space. In the study 
area, intensive mining of lignite, heavy dcprcssurization of upper confined 
aquifer and gigantic lignite fired 'fhernial Power Plant have adversely 
disturbed the aquifer system, deteriorate the groundwater quality and 
increase the groundwater budget dcficit of the Neyvcli Basin as well. 
For the investigation of vertical variation in groundwater quality in the 
study area, the water samples were collected from the shallow (duguells and 
hand pumps) and deep aquil'crs (deep lubc\sells). Thereby, concenUation of 
major ions and trace elements were analyzed and identified their relationship 
with depth. Fig-43, 44 and 45 shows the average value of major chemical 
constituents in shallow, upper (deep) and lower confined (deep) water 
aquifers respectively. The lMg-46, 47 and 48 reveals the average 
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concentration of trace elements in shallow, upper and lower (deep) confined 
water aquifers respectively. The average concentration of the major 
chemical constituents in shallow aquifers is more than that of upper confined 
aquifers, whereas, lowest concentration recorded in lower confined aquifer. 
It may indicate that the water of lower confined aquifer is mixed with the 
depleted upper confined aquifer. The presence of parting clay in between 
lower and upper confined aquifers, and also prevailing high artesian pressure 
in lower confined aquifer may prevent the free circulation of water between 
them. Thus, water of low confined aquifer are safe for drinking, industrial 
and agricultural utility, while abnormally high concentration of certain major 
ions in upper confined aquifer such as CI, SO4, and Na are due to massive 
depressurization of this aquifer for safety and economic mining. Abnormally 
high concentrations of major ions in shallow aquifer may be the result of 
leaching of soil, overburden mines waste, industrial waste, etc., and 
infiltration of mines, fiyash ponds and industrial cffiucnts in the Ncyvcli 
lignite mine-cum- industrial complex. 
On an average few trace clement such as Fe, Pb, Zn and Co recorded 
in upper confined aquifers shows higher value in comparison to that of 
shallow aquifers. The high concentration of these elements (i.e. Fe, Pb, Zn 
and Co) in upper confined aquifer is mainly may be due to massive 
withdrawal of groundwater from them results significant drop of piezometric 
surface in and around the lignite mining belts. The drop of piezometric 
surface may disturbed the hydro-chemical equilibrium and leads to 
mobilization of heavy metals, which in turn increase the heavy metal 
concentration in upper confined aquifer. While in lower confined aquifer, 
heavy metal concentrations were less in comparison to upper confined and 
shallow aquifers except zinc. Wherein, zinc concentration notice increases 
with depth. Lead and copper concentration in lower confined aquifer is more 
than the shallow aquifer but less than the upper confined aquifer. The 
sources of heavy metal concentration in upper and lower confined water 
aquifer are probably consequence of oxidation of heavy minerals (i.e. 
marcasitc, magnetite, rutile, ilmenile, etc.) distributed in Cuddalore 
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sandstones, aquifer sands, clays and lignite. These heavy minerals were may 
be derived from the adjoining high mineralized peninsular shield. Heavy 
metal concentration in lower confined aquifer is low because of massive 
depressurization is restricted to upper confined aquifer not from lower 
confined aquifer and of high artesian pressure in the lower confined aquifer 
and clay parting between them may prevent the free circulation of water 
from lower and upper confined aquifer. The heavy metals concentration 
such as Ni, Cr, Mn and Cd in shallow aquifer is more than the upper 
confined aquifer. High concentration of these heavy metals in shallow 
aquifer is mainly may be due to leaching from mines overburden waste and 
associated industrial waste and also seeping from flyash ponds mines and 
industrial effluents, which in turn enhance the heavy metal concentration in 
shallow groundwater in the area. 
Tracc element concentration of lower confined and upper confined 
aquifers, and shallow aquifer are shown in Fig 46, 47 and 48, where trace 
elements concentration in lower confined aquifer is lesser in value as 
compared to upper confined aquifer and shallow aquifers. It indicates that 
lower confined aquifer remains unaffected affected by mining of lignite and 
massive depressurization of upper confined aquifer. Hencc, abnormally high 
concentration of tracc elements (i.e. Fe, Pb, Cr, and Ni) in upper confined 
aquilbr and certain metals in shallow aquifer are of anthropogenic source 
rather than geogcnic, because abnormally concentration of heavy metal is 
mainly restricted to lignite mines and south and south-east of it except iron. 
The sourccs of abnormally high concentration of heavy metals (Fe, Cr, Pb 
and Ni) in groundwater may be aquifer sands, lignite and Cuddalore 
sandstones. Due to over exploitation of upper confined aquifer for mine 
safety results oxidation of marcasilc and other heavy minerals present in 
aquifer sands and lignite, which in turn enhance the concentration of Fe, Cr, 
Pb and Ni in groundwater. In the study area 1-e. Pb, Cr and Ni concentration 
notice above the maximum permissible limits in groundwater while other 
elements area well within the recommended limits. 
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4 . REGIONAL VARIATION IN GROUNDWATER 
QUALITY 
Regional variation in groundwater quality of an area depends on 
composition of aquifer material, suiTounding rocks, rainfall, rate of 
infiltration, soils etc, while anthropogenic factors as mining, industrial and 
agricultural activities, and urbanization may also control the spatial variation 
in groundwater quality. 
The maximum, minimum, mean and standard deviation of 
groundwater quality variables (i.e. pH, EC, TH, Ca, Mg, K, CI, SO4, CO3, 
HCO3, TDS) of deep and shallow aquifer are summarized in Appendix-
XVIII & XIX respectively. The Appendix-XVIII & XIX shows a wide 
range of variation in the value of EC, TH, Ca, Mg, K, CI, SO4, CO3, HCO3, 
TDS) except pH in shallow aquifer and in deep aquifer values of chemical 
variables is generally low. 
Groundwater quality in the north and north west of lignite mine is 
good and of less in values of chemical variables than the south and south 
east of it. Further east values of major ions are decreases and then again 
increase towards seacoast. Abnormally high value of major ions in the 
Neyveli mine-cum-industrial complex and east and south east of it. It may be 
due to seepage of mine water, flyash ponds, thermal power plant reservoir 
ponds, industrial effluents, return circulation of irrigated mine water, etc, 
base exchange reaction and leeching of soluble salts from soil leads to 
abnormal concentration of major ions in shallow water aquifers. In deep 
water aquifers abnormality in major ion concentration is may be due to over 
exploitation of upper confined aquifer(deep aquifer) for safe lignite mining. 
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While in coastal belt, abnormality in major ion concentration is mainly may 
be due to seawater intrusion because of heavy withdrawal of fresh water 
with the high rate of industrialization and urbanization in this region. 
The spatial variation in ground water quality may also be due to 
regional variation in lithology in the area. In the north and north west of the 
study area is underlained by Tertiary-Cuddalore sandstone and south, south 
east and east by alluvial deposits. The value of groundwater quality variables 
in Cuddalore sandstones is comparatively less than the alluvial region. 
Groundwater quality in Cuddalore sandstone area is good except at few 
places. Whereas, in major part of alluvial track shows abnormality in major 
ion concentration and of poor quality. 
The spatial variation of heavy metals concentration in the study area is 
generally well within the permissible limit except few elements such as Fe, 
Pb, Ni and Cr. Concentration of iron through out the study area is found 
above the maximum permissible limits both in shallow and deep aquifers. It 
may be due to presence of iron rich minerals (marcasite, magnatite, ilimite, 
rutile, etc.) in the Cuddalore sandstone and in the aquifer materials. High 
concentration of Pb, Ni and Cr are mainly confined to Neyveli mine-cum-
industrial complex and south east of it. It may be due to impact of 
overexploitation of upper confined aquifer, leeching of mine water, fiyash 
pond water and oxidation of iron rich mineral present in the geological 
formation. 
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SUMMARY AND CONCLUSION 
Growing industrialization, urbanization and agricultural activities with 
rapid exploitation of natural resources despite being indices of economic 
development has taken its toll on the available water and lignite resources in 
the investigated area. Today quality and quantity of the groundwater are the 
key factors for the socio-economic development of a country, hence proper 
attention has to be paid for the conservation and sustainable utilization of 
groundwater resource by adopting scientific management techniques such as 
judicious utilization, cost effective distribution, conjunctive use of surface 
and groundwater, etc. so that it does not bear the brunt of material 
advancement since groundwater pollution are an irreversible process. 
The investigated area Neyveli Lignite Field and its surrounding 
region, lies in the Cuddalore district, Tamil Nadu (India). Which do the 
Gadilam and Vellar rivers in the north and south bound, respectively, 
whereas, eastern and western boundaries are marked by Bay of Bengal, and 
Archaean/Cretaceous rocks respectively. It lies between latitude 11*^ 25'-
11°45'N and longitude 79®20'-79®45'E, and spread over parts of 
Vriddhachalam, Panruti, Chidambaram and Cuddalore talukas. 
The study area is almost flat peneplain, physiographically divided into 
four geomorphic units: north western high land, central high ground, alluvial 
plain and coastal plain. The highest elevation lies in the north western part 
(100m amsl) and lowest elevation at Porto Nova (2.36 m amsl) in the south 
east of the area. There are two sloping grounds one towards south east and 
other towards north east direction. The former one is more prominent and 
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spread over an area of about 60% and later cover only 10% and remaining is 
covered by flat terrain. Drainage of the area is mainly controlled by the 
Vellar and Manimukta rivers in the south and in the north by Gadilam river. 
There is no perennial and major river draining the area. 
The study area has typical tropical climate and of semi-desert type, 
with maximum temperature recorded in the month of June (43.30°C) and 
lowest in Januaiy (lh00°C). Maximum rainfall recorded from north-east 
monsoon (55%) followed by south west monsoon (30%) and remaining rest 
of the months. The average annual rainfall is about 1200mm. The Neyveli 
Lignite Field fall in the cyclonic belt which occurs between October and 
November that hamper the mining operation. 
The geology of the study area is mainly Tertiary Cuddalore formation 
and Recent alluvium deposits. The southern and eastern part covered by 
thick alluvium deposits consists of sands, silts and clays. Whereas, western 
and northern part occupied by Cuddalore sandstones consist of ferruginous 
and argillaceous sandstones, carbonaceous clays, lignite, fire clays, aquifer 
sands, etc. believed to be of Upper Miocene Age. The Cuddalore sandstones 
covered 65 to 70% of the area and rest by Recent alluvium. In the west of 
the study area lies 1.5 to 4.0 Km. narrow belt of Cretaceous rocks, trending 
NE-SW direction. 
The Neyveli Groundwater Basin occupy part of the coastal 
sedimentary track of Tamil Nadu coast and one of the potential source of 
groundwater of south India and associated with the biggest lignite deposits 
of India, in south India. The hydrogeological cross-sections depict multi-
layered aquifer system within the lignite boundary. Thereby, three types of 
aquifers were observed viz. unconfmed and semi-confmed aquifer above 
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lignite seam and multi-layered powerful confined aquifer below it. In Recent 
alluvium groundwater occurs under water table condition and in Cuddalore 
formation it occurs in water table, semi-confined and confined condition. 
Pumping tests conducted under undisturbed condition (i.e. prior to 
massive depressurization, 1961) in semi-confined and upper confined 
aquifers shows Transmissibility (T) values 178 mVday and 1600 to 1871 
m^/day respectively. Whereas under heavily disturbed condition in semi-
confined and upper confined aquifers shows T values range firom 131 to 141 
mVday and 115.80 to 1483mVday respectively. It reveals contradictory 
values of T with the theoretical concept of constant value of T in an aquifer. 
Reason for such deviation of aquifer parameters may be due to change in 
aquifer states i.e. from hydrostatic to hydrodynamics with the exposed of 
semi-confined aquifer in the mines pits and heavy depressurization of upper 
confined aquifer. 
In the pre- and post- monsoon periods, depth to water level ranges 
from 27.87 to 0.80m bgl and 28.60 to 0.60m bgl during 2002-2003 
respectively. Depth to water level maps of pre-monsoon (2002) period, 
indicates deepest water level in the north west and west of lignite 
mines(i.e.>20.00m bgl) and shallow water level (<2.00m bgl) in the south 
east and east of mines. 
The water level fluctuation maps reveal different zones of fluctuation; 
indicate the quantum of seasonal variation in water level that varied from 
place to place. About 53% and 47% area registered rise and fall in water 
level during 2002-2003 respectively. The positive seasonal fluctuation 
noticed in and around mines-cum-industrial complex and south east of it are 
due to seepage of mines water and industrial effluents besides the 
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infiltration of rain water. The positive seasonal fluctuation also observed in 
the east is the consequence of rain water infiltration. However, negative 
seasonal fluctuation observed in the north and north west of lignite mines 
(i.e. higher hydraulic gradient area) are due to large scale depressurization of 
upper confined aquifer and dewatering of phreatic and semi confined 
aquifers for lignite mining as well as increasing development of groundwater 
for irrigation. In general, water level in the major part of the area show-
declining trend even during post monsoon period. 
The long term fluctuation map (i.e. between 1987 and2003) of water 
level reveals declining trends in 85% of the area and rest shows rising 
trends. The highest decline recorded around Kattugudalore and Soradakuzhi 
(>15m) in the north and north west of lignite mines. Whereas, lowest decline 
(<2m) recorded in south-east and east of mines. In general, long term decline 
of water level is due to overexploitation of Neyveli aquifer for lignite mining 
and also agricultural, domestic and industrial uses may also contribute 
significantly. Moreover, local rising trend in water level notice in and around 
the fringe area of lignite mines-cum-associated industrial complex and south 
east of it, covering an area of 60 sq. Km. are the consequence of seepage of 
mines water and industrial effluents let out into drains, channels, agricultural 
fields, ponds, etc. fi-om mine sumps, pumping form upper confined aquifer, 
infiltration fi-om Thermal Power Plant reservoirs, flyash ponds, Perumal 
ponds, Walaza ponds, etc. situated in down slope direction. 
A perusal of the water table contour map of pre-monsoon 2002, shows 
highest elevation of water table at Kottarakuppam (84.37m amsl) in the 
north west and lowest at Parangepettai (0.76m amsl) in the south east of 
lignite mines respectively. It shows hydraulic gradient toward southeast and 
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east direction except in mining area, wherein reversal of hydraulic gradient 
is notice. In the recharge area, hydraulic gradient range between 1.60 and 
2.10 m/Km toward south-east and very steep hydraulic gradient 
(> 2.50m/Km) observed between recharge and mining area. It may be due to 
feeding of aquifers from recharge area and heavy pumping of in the mines 
results a very steep hydraulic gradient between them. However, gentle 
hydraulic gradient (i.e. 1.00 to 0.20 m/Km) recorded in the east and south 
east of lignite mines. 
Piezometric contour map reveals a huge cone of depression spread 
over an area of 350.00 Sq. Km. in an elliptical shape, trending NE-SW 
direction. The very close spacing piezometric contour in the west reveals 
negative boundary and inferred hydraulic discontinuing between Cretaceous 
and Tertiary Formation. Wherein, presence of artesian wells in the 
Cretaceous Formation even today and complete ceased off earlier all free 
flowing wells in Tertiary Formation by 1987 may frirther support the 
hydraulic discontinuity between them. 
The cone of depression migrating toward south east and east and is 
presume to increase much faster rate in friture as growing demand of lignite 
for thermal power plants results more depressurization of aquifers to 
enhance the lignite production. If proper remedial measures have not been 
taken to check the movement of cone of depression toward east, it may 
invite sea water in the lignite mining region and consequently contaminate 
the fresh water resource of Neyveli Groundwater Basin. 
In the Mine-I area, piezometric surface was +30.00m amsl before 
depressurization, 1961 and dip to -72.00m bmsl by 2002. A total decline of 
pressure head is about 102.00m over a period of four decades, at the rate of 
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more than 2,50myyear. However, the total dechne of peizometric head is 
77m in the Mine-II, since pumping start 1982, and rate of decline is 
3.80ni/year. In general, pressure gradient is toward south east direction 
except in the mining region. The steep pressure gradient (5m/Km) notice in 
the north west and west, whereas gentle pressure gradient (0.50 to 0.60 
m/Km) in the east and south east of mines. 
The average groundwater budget deficit of Neyveli basin had 
estimated about 10.85 MCIWY during 1961-1975, whereas in the year2000-
2001, it was estimated to be 30MCM. The depressurization of upper 
confined aquifer is the chief source of discharge from Neyveli Groundwater 
Basin. On an average discharge from Mine-I and Mine-II accounts 
71MCMAf and 75.681401^4^^ respectively. Whereas other sources of 
discharge like water supply to Neyveli Township and adjoining villages, 
irrigation and industrial uses may also contribute significantly in the total 
draft from the Neyveli Groundwater Basin. However, rainfall is principal 
source of recharge to Groundwater Basin. Which is highly variable and 
erratic in nature and also no perennial and major rivers drainage the area. 
The recharge rate estimated varies from 90 to 200MCMAf with a safe 
average of 120MCMAf, whereas long-term mean value of groundwater 
recharge is 81MCMAf. 
The impact of ongoing large scale depressurization of Neyveli 
artesian Basin were marked by complete ceased off all the earlier free 
flowing wells by 1987.The cumulative discharge from naturally free flowing 
wells accounts 63MCMA^ before depressurization, 1961 and was the main 
source of irrigation in the area. Further more, large number of drying of 
dugwells, steady decline of yield and frequent failure of deep borewells 
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leads to deepening of bore wells ever}' four to five years. It may pose extra-
financial burden on farmers and consequently irrigation over large area was 
affected. Thereby, irrigated cropped area has decrease considerably and it 
may leads to food grain shortage in future. The study also reveals the 
increase of irrigated cropped area in the south and south east of lignite 
mines-cum-associated industrial complex. It may be due to the utilization of 
mines water and industrial effluents that are discharge into down slope 
nallas, drains ,ponds, etc. since last four decades. It may also raise the water 
level in shallow aquifers and consequently increase the shallow groundwater 
development in this area. 
The massive opencast lignite mining and associated industries 
(i.e. thermal power plants, urea plant, carbonization and briquetting plant) 
discharge huge quantity of liquid and solid wastes as well as release of 
various toxic gases and metals in the atmosphere. The overburden rocks 
removal has increase since inception of mining from 2.40 (1957-58) to 
60.99MCM (2001-02) and 1.78 (1982-83) to 61.33MCM (2001-02)in the 
Mine-I and Mine-II respectively. Pumping of groundwater and storm water 
has increase from 31.37 (1961-62) to 51.53MCM (2000-01) and 4.20(1961-
62) to 61.21MCM (2000-01) in the Mine-I and much higher quantity 
discharge from Mine-II Lignite production has increase from 0.36 (1961-62) 
to 7.65MT (2001-02) and 0.15 (1985-86) to 10.71MT (2001-02) in the 
Mine-I and Mine-II respectively. At present, for one tone of lignite required 
to removed about 8.00MCM of overburden and pumped 15.65CM of 
groundwater and storm water in the Mine-1 and much higher from the Mine-
II because of increasing depth of lignite deposits in dip direction (i.e. 
towards south east). Further more, disposal of huge quantity of flyash and 
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other industrial wastes are the chief source of pollution in the area. These 
wastes contain various toxic metals such as Fe, Pb, Cr, Hg and Ni. The 
indiscriminate disposal and discharge of untreated mines and industrial 
wastes into drains, channels, ponds, agricultural field etc. pollute the surface 
water quality and subsequently groundwater resource as well. The sequential 
leaching of heavy metals from surface downward through unsaturated zone 
into saturated zone results contamination of shallow water aquifer in the 
area. As soon as pollutants touch the saturated zone, it follow the general 
hydraulic gradient and subsequently contaminate the groundwater in the 
direction of decreasing hydraulic gradient area. The heavy metals pollution 
viz. Fe, Pb, Ni and Cr and abnormally high concentration of major ion in 
deep aquifer (i.e. upper confined aquifer) are the consequence of massive 
depressurization. Which in turn mobilized heavy metals inherited in aquifer 
sands, Cuddalore sandstones and clay minerals due to change in the redox 
potential with the falling pressure head. 
Hydrochemical analysis of major ion reveals alkaline in nature of 
groundwater and surface water except at few places. In general, groundwater 
and surface water is hard and excessive hard water notice in and around 
Neyveli mines-cum-industrial complex and south east of it as well as 
Cuddalore coastal belt. Groundwater in the investigated area belong to 
Na-Ca facies type and CI-SO4-HCO3 type facies among cations and anions 
respectively. The abnormally high concentration of major ions in surface 
water is due to discharge of huge quantity of mines water and industrial 
t 
effluents into down slope ponds, nallas, drains, agricultural fields, etc. and 
subsequent leaching and base exchange reaction causing deterioration of 
shallow water aquifer mainly in and around mines-cum industrial complex 
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and south east of it. Abnormally high concentration of major ion in the 
coastal belt is may be due to sea water intrusion. Groundwater in the mine-
cum industrial complex and south east of it are characterized by high degree 
of mineralization and salinization and is not fit for drinking and irrigation. 
However, groundwater in major part of the study is good for drinking and 
irrigation. Moreover, high concentration of major ions in the deep aquifer 
(i.e. upper confined aquifer) is the results of massive depressurization in the 
mines and associated industrial area, whereas outside mines concentration 
are well within the permissible limits. Further more, concentrations of major 
ion in the lower confined aquifer (i.e. deep aquifer) are well within the 
permissible limits even in mining belt. Major ion abundance in the 
groundwater notice as Na > CI > Ca > HCO3 > SO4. Chloride concentration 
in the area shows progressive increase from north west (i.e. recharge area) to 
south east direction except in the mining area. The chloride in few wells in 
the mining area south east of it are not due to sea water intrusion rather than 
it may be due to overexploitation for lignite mining. 
Hydrochemical analysis of heavy metal reveals high concentration 
of certain metals viz. Fe, Pb, Ni and Cr in surface and groundwater, whereas 
other metals are well within the permissible limits. Iron concentration in 
surface water (29.360 to 0.170mg/l), shallow (4.963 to 0.130 mg/l) and 
upper confined (9.107 to 0.22mg/l) aquifers have above the maximum 
permissible limits. The high concentration of iron through out the area is due 
presence of iron bearing minerals in Cuddalore sandstones viz. marcasite, 
magnetite, ilmenite rutile etc. also in aquifer sands and clay minerals The 
oxidation of these minerals release significant quanfity of iron and it may 
be the possible reason for higher concentration in surface and groundwater 
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in the area. However, concentration of Pb, Ni, and Cr in shallow and deep 
aquifer (i.e. upper confined aquifer) are above the permissible limits in the 
mines area whereas outside it concentrations are well within permissible 
limits. The high concentration of Pb, Ni and Cr in shallow aquifer may be 
the results of leaching from flyash pods water, mines water, and other 
industrial effluents. However, concentration these metals in deep aquifer 
(i.e. upper confined aquifer) is more than the shallow aquifer. It may be due 
to massive depressurization of upper confined aquifer results mobilization of 
metals inherent in aquifer sands with the change of redox potential. 
In general, groundwater, in the investigated area is good for drinking 
and irrigation except in the mines-cum- associated industrial complex and 
south east of it as well as coastal belt. 
RECOMMENDATIONS 
1. Keeping in view, of the steady falling of water level and peizometric 
head due to excessive depressurization of upper confined aquifer and 
dewatering of Phreatic and semi-confmed aquifer for lignite mine 
safety and deterioration of groundwater and surface water quality. It 
has been suggested to monitor water level, peizometric surface and 
water quality parameters from mining areas to sea coast. The 
ameliorative measures should be implemented otherwise this precious 
groundwater resource may be damage beyond the replenishment 
2. Water, soil and air pollutions can be minimized by taking into 
consideration of environmental parameters at the stage of planning 
and preparation of mining and associated project and has required 
strict implementation. 
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3. Establishing shallow and deep observation wells from mining area to 
sea coast at regular intervals and of identical geological formation to 
monitor change in water quality, water level and pressure head. 
Thereby, monitoring movement of sea water toward mines. It can be 
control by recharging of coastal aquifer through constructing canals 
parallel to coast at distance of four to five Km away from the 
coastline. Which in turn developed a linear fresh water mound parallel 
to the coast and may restrict the movement of sea water towards 
mines. 
4. The dry dugwells in the study area should be used as infiltration wells 
to recharge aquifers during monsoon period. 
5. The migration of cone of depression toward sea coast can be control 
by reducing rate of discharge through constructing close space 
pumping wells in the lignite benches. 
6. Groundwater and surface water pollution may also be minimized by 
installing proper waste water treatment plants and treated water 
should be utilized in Thermal Power Plants and other associated 
industries and for irrigation purposes. 
7. Flyash ponds should be lined in order to check the leaching of toxic 
heavy metals into shallow aquifers. 
8. Covering of the mine wastes and dry flyash ponds with lime or 
limestones to neutralized the acid formation. 
9. Afforestation of overburden dumps and old flyash ponds in order to 
check the soil erosion, siltation, leaching of heavy metals to 
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groundwater and discharge into surface water as well as surrounding 
fertile soil. 
10. To formulate and implement strict rule for the utilization of flyash for 
manufacturing of bricks, cement, construction of roads, etc. 
11. To emphasize the utilization of flyash as a soil amendments in 
agricultural fields. 
12. To harness the wind and solar energy as Tamil Nadu has largest 
potential in India to reduce the pressure on conventional source of 
energy. 
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APPENDICES 
Appendix l A 
Statistical analysis of rainfall data (during 1900-2000) 
Mean of 100 years of rainfall ( x ) = 129L84nim 
Standard Deviation = 434.44 
Co-efficient of variation = 33.62% 
Rain gauge Station: Cuddalore 
S. No Year Annual Rainfall(x)inm X - X (mm) Departure 
Cumulative departure 
1 1901 1157 6 -134 24 -10 0 % -10 0% 
2 1902 1808 8 +516 96 +40 0 +30 0 
3 1903 904 6 -387 24 -29 97 +0 03 
4 1904 885 0 -406 84 -31 49 -31 46 
5 1905 1248 0 -42 94 -3 32 -34 78 
6 1906 1736 5 +444 66 +34 42 -0 36 
7 1907 1221 0 -70 84 -5 48 -5 84 
S 1908 1300 0 +8 16 +C63 -5 21 
9 1909 789 0 -502 84 -38 92 -44 13 
10 1910 1090 5 -201 34 -15 58 -59 71 
M 1911 12150 -76 84 -5 94 -65 65 
12 1912 1231 0 -60 84 -4 70 -70 35 
13 1913 2501 8 +1209 96 +93 66 +23 31 
14 1914 2009 9 +718 06 +55 58 +78 89 
15 1915 807 4 •484 44 -37 5 +41 39 
16 1916 1285 7 -6 14 -0 47 +40 92 
17 1917 1002 8 -289 04 -22 37 + 18 55 
18 1918 15109 +219 06 + 16 95 +35 5 
19 1919 1398 3 + 106 46 +8 24 +43 74 
20 1920 2010 0 +718 16 +55 59 +99 33 
21 1921 1151 7 -140 14 -10 84 +88 49 
22 1922 1765 9 +474 06 +36 69 +125 18 
23 1923 1206 8 -85 04 -6 58 + 1286 
24 1924 1240 8 -51 04 -3 95 + 124 65 
25 1925 1774 0 +482 16 +37 32 + 151 97 
26 1926 968 4 -323 44 -25 03 + 126 94 
27 1927 634 6 -657 24 -50 87 +76 07 
28 1928 1791 8 +499 96 +38 70 114 77 
29 1929 2061 6 +769 76 +59 58 + 174 35 
30 1930 1322 8 +30 96 +2 39 + 176 74 
31 1931 1804 9 +513 06 +39 71 +21645 
32 1932 1520 4 +229 06 + 17 73 +234 18 
33 1933 693 1 -598 74 -46 34 + 187 84 
34 1934 1381 9 +90 06 +6 97 +294 81 
35 1935 1246 3 -45 54 3 52 +291 29 
36 1936 1149 9 -141 94 -10 98 + 180 31 
37 1937 1465 4 + 173 56 + 13 43 + 193 74 
38 1938 1059 9 -231 94 -1795 + 175 79 
39 1939 1402 9 +111 06 +8 59 + 184 38 
40 1940 2030 8 +738 96 +57 20 +241 58 
41 1941 1076 4 -215 44 -1667 +244 91 
42 1942 2148 3 +856 46 +66 29 +291 2 
43 1943 1324 6 +32 76 +2 53 +293 73 
44 1944 1422 8 +130 96 + 10 13 +303 86 
45 1945 698 3 -593 54 -45 94 +257 92 
46 1946 2131 2 +839 36 +64 97 +322 89 
47 1947 848 4 -443 44 -34 32 +288 57 
48 1948 1057 7 -234 14 -18 12 +270 45 
49 1949 697 0 -594 84 -46 04 +224 41 
50 1950 860 5 -431 34 -33 38 + 191 03 
51 1951 1392 0 + 100 16 +7 75 + 198 78 
52 1952 872 8 ^ 1 9 04 -32 43 + 166 35 
53 1953 1056 5 -235 34 -1821 + 148 14 
54 1954 1439 6 +147 76 + 11 43 + 159 35 
55 1955 1335 1 +43 26 +3 34 + 162 69 
56 1956 1418 6 + 126 76 +9 8 + 172 49 
57 1957 12184 -73 44 -5 68 + 167 03 
58 1958 1000 0 -291 84 -22 59 + 144 44 
59 1959 1234 5 -57 34 -4 43 + 14001 
60 1960 1647 0 +355 16 +27 49 + 167 5 
61 1961 1472 0 +180 16 + 13 94 + 181 44 
62 1962 1162 2 -129 64 -10 03 + 171 2 
63 1963 17212 +429 36 +33 23 +204 64 
64 1964 1072 2 -219 64 -1700 + 187 64 
65 1%5 1677 6 +385 76 +29 86 +2175 
66 1966 2343 4 +1051 56 +81 40 +298 90 
67 1967 1801 8 +509 96 +39 47 +338 37 
68 1968 733 2 -558 64 -43 24 +295 93 
69 1969 1585 4 +293 56 +22 72 +317 85 
70 1970 1426 7 +134 86 + 1043 +328 28 
71 1971 1422 8 130 96 + 10 13 +338 4 
72 1972 1575 3 +283 46 +21 94 +360 35 
73 1973 1232 9 -58 94 -4 56 +355 79 
74 1974 781 1 -510 74 -39 53 +326 26 
75 1975 1269 3 -22 54 -1 74 +324 52 
76 1976 1252 8 +39 04 -3 02 +3115 
77 1977 1686 9 +395 06 +30 58 +341 08 
78 1978 1887 9 +596 06 +46 14 +387 22 
79 1979 796 1 -495 74 -38 37 348 85 
80 1980 865 4 -426 44 -33 01 +315 84 
81 1981 1333 0 +41 16 +3 18 +319 02 
82 1982 906 3 -385 54 -29 84 +289 18 
83 1983 12512 -40 64 -3 14 +286 04 
84 1984 1400 5 + 108 66 +8 41 +294 45 
85 1985 1938 7 +646 86 +50 07 +344 51 
86 1986 881 9 -409 94 -31 73 +312 79 
87 1987 991 5 -300 34 -23 24 +289 55 
88 1988 879 6 -412 24 -31 91 +266 37 
89 1989 1172 2 -119 64 -9 26 +257 05 
90 1990 15197 +227 86 +17 63 +274 68 
91 1991 749 9 -541 94 -41 95 +232 73 
92 1992 824 6 -467 24 -36 16 + 196 57 
93 1993 647 1 -644 74 -49 90 + 146 67 
94 1994 497 5 -794 34 -61 48 +85 19 
95 1995 569 6 •111 34 -55 91 +30 0 
96 1996 1963 8 +671 96 +52 01 +82 01 
97 1997 1459 3 + 167 46 + 12 96 +94 97 
98 1998 1476 9 + 185 06 + 14 32 + 109 29 
99 1999 141 0 -1150 84 -89 08 +20 21 
100 2000 1145 7 -146 14 -1131 +8 9 
Appendix- IB 
Rain gauge station : Porto Nova 
Mean of 100 years of rainfall (x ) = 1266.40mm 
Standard Deviation = 505.50 
Co-efficient of variation = 39.91 
S.No Years Annual rainfall (mm) 
X - ^ ' (mm) 
Departure % Cumulative deparlureyo 
1 1901 1227 4 -39 0 -3 07 -3 07 
2 1902 2419 5 +1153 1 +91 05 +87 98 
3 1903 1142 5 -123 9 -9 78 +78 2 
4 1904 729 5 -536 9 -42 39 +35 81 
5 1905 1395 2 +128 8 + 10 17 +45 98 
6 1906 1942 6 +676 2 +53 39 +99 37 
7 1907 1575 1 +308 7 +24 37 +123 74 
8 1908 1844 8 +578 4 +45 67 + 16941 
9 1909 783 4 -483 0 -38 13 + 131 28 
10 1910 930 8 -335 6 -26 50 + 104 78 
II 1911 1007 1 -259 3 -20 47 +84 31 
12 1912 1176 0 -90 4 -7 13 +77 18 
13 1913 2001 6 +735 2 +58 05 + 135 23 
14 1914 1866 9 +600 5 +47 41 + 182 64 
15 1915 1011 3 -255 1 -20 14 + 162 5 
16 1916 1184 1 -82 1 -6 49 + 15601 
17 1917 10150 -251 4 -19 85 +136 16 
18 1918 1670 2 +403 8 +31 88 + 168 04 
19 1919 1490 0 +223 6 + 1765 +185 69 
20 1920 1909 3 +642 9 +50 76 +236 45 
21 1921 1034 5 -231 9 -1831 +218 14 
22 1922 1731 7 +485 3 +38 32 • +256 46 
23 1923 1655 1 +388 7 +30 69 +287 15 
24 1924 1220 9 -45 5 -3 59 +283 56 
25 1925 2170 2 +903 8 +71 36 +354 92 
26 1926 1282 1 + 15 7 + 1 23 +356 15 
27 1927 1146 1 -120 1 -9 49 +346 66 
28 1928 2252 0 +985 6 +77 82 +424 48 
29 1929 1973 5 +707 4 +55 85 +480 33 
30 1930 1921 7 +655 3 +51 74 +532 07 
31 1931 1835 5 +569 1 <44 93 +577 0 
32 1932 1552 4 +286 0 -22 58 +599 58 
33 1933 950 1 -316 3 -24 94 +574 64 
34 1934 11138 -152 6 -12 04 +562 6 
35 1935 1209 3 -57 1 -4 50 +558 1 
36 1936 1165 2 -101 2 -7 99 +550 11 
37 1937 1833 1 + 56<.7 •^ 44 74 + 594 85 
38 1938 1114 1 -15: ' -12 02 '582 83 
39 1939 9165 -349 9 -27 62 +555 21 
40 1940 2032 0 +765 6 +60 45 +615 66 
41 1941 1211 3 -55 1 -4 35 +611 11 
42 1942 1986 4 +720 0 +56 85 +668 16 
43 1943 1348 7 +82 3 +6 49 +674 6S 
44 1944 1081 1 -185 3 -14 63 +660 C 
45 1945 803 3 -463 1 -36 56 +623 46 
46 1946 1904 7 +638 3 +50 40 1 +673 86 
47 1947 839 8 -426 6 -33 68 +640 18 
48 1948 898 9 -367 5 -29 01 +61', 17 
49 1949 746 8 -5196 -41 02 +570 15 
50 1950 1160 2 -106 2 -8 38 +561 77 
51 1951 13140 +47 6 +3 75 +565 52 
52 1952 842 5 -423 9 -33 47 +532 05 
53 1953 956 5 -309 9 -24 47 +507 58 
54 1954 1606 3 +339 9 +26 83 +534 44 
55 1955 1170 9 -95 5 -7 54 +526 87 
56 1956 1577 2 +310 8 +24 54 +551 4) 
57 1957 1129 4 -1370 -1081 +540 6 
58 1958 824 0 -442 4 -34 93 +505 67 
59 1959 1259 6 + 1266 4 + 1000 +«)5 67 
60 1960 2061 7 +795 3 +62 80 +668 47 
61 1961 1167 4 -99 0 -7 81 +660 66 
62 1962 904 I -362 3 -28 60 Hil2 0r; 
63 1963 2052 2 +786 20 +«2 08 +694 14 
64 1964 858 8 -407 6 -32 18 +66194 
65 1965 1826 2 +559 8 +44 20 +706 16 
66 1966 1899 4 +633 0 +49 98 +756 14 
67 1967 1021 1 -245 3 -19 36 +736 78 
68 1968 1032 0 -234 4 -18 50 +718 28 
69 1969 18137 +547 3 +43 21 +761 49 
70 1970 1193 2 -73 2 -5 78 +755 71 
71 1971 1178 8 -87 6 -691 +748 8 
72 1972 1529 7 +263 3 +20 79 +769 59 
73 1973 44 8 -1221 6 -96 46 +673 13 
74 1974 648 6 -617 8 -48 78 +624 35 
75 1975 973 4 -293 0 -23 13 +601 22 
76 1976 691 7 -574 7 -45 38 +555 84 
77 1977 1601 9 +335 5 +26 69 +582 33 
78 1978 . . 
79 1979 1251 3 -14 7 -1 16 +581 17 
80 1980 723 4 -543 0 -42 87 +538 3 
81 1981 1447 4 + 181 0 +14 29 +552 59 
82 1982 672 7 -593 7 -46 88 +505 71 
83 1983 1307 1 +40 7 +3 71 +508 92 
84 1984 1752 5 +486 1 +38 38 +5473 0 
85 1985 2426 3 + 1159 9 +91 59 +638 89 
86 1986 1498 0 +231 6 + 1828 +657 17 
87 1987 1141 0 -125 4 -9 90 +647 27 
88 1988 2 0 -1264 4 -99 84 +547 43 
89 1989 
90 1990 302 0 -964 4 -76 15 <4''l 28 
91 1991 661 6 -604 8 -47 75 -421 5"' 
92 1992 . 
93 1993 1566 1 +299 7 +23 66 »447 19 
94 1994 1061 0 -205 4 -1621 +430 98 
95 1995 12100 -56 4 - t 4 5 +426 53 
96 1996 2046 5 +780 1 +61 59 +488 12 
97 1997 2025 9 +759 5 +59 97 +54 8 09 
98 1998 15100 +243 6 + 19 23 +567 32 
99 1999 78 6 -11878 -93 79 +473 53 
100 2000 1089 2 -177 2 -13 99 +459 54 
Appendix-lC 
Rain gauge station 
Period 
Mean of 100 years of rainfall ( x ) 
Standard Deviation (8) 
Co-efficient of variation 
:PANRUTI 
: 1901-2000. 
= 1149.69mm 
= 340.86 
= 29.64 
S. No. Years Annual Rainfall (X) mm 
X - ^ (mm) 
Depar tu re^ Cumulative departure"/. 
1 1901 1048 7 -100 99 -8 78 -8 78 
2 1902 1548 6 +398 91 +34 69 +25 91 
3 1903 1078 7 -7126 -6 19 +19 72 
4 1904 802 0 -347 69 -30 24 -10 52 
5 1905 1430 4 +280 71 +24 41 + 13 89 
6 1906 1539 3 +389 61 +33 88 +47 77 
7 1907 1328 8 + 179 11 +15 57 +63 34 
8 1908 1358 6 +208 91 + 18 17 +81 51 
9 1909 731 4 + 63 +0 05 +81 56 
10 1910 1034 6 -11509 -1001 +71 55 
11 1911 1044 8 -104 89 -9 11 +62 43 
12 1912 1167 1 + 1741 +1 51 +63 94 
13 1913 1738 9 +589 21 +51 24 +115 18 
14 1914 17318 +582 11 +50 63 + 165 81 
15 1915 741 5 -408 19 -35 50 + 13031 
16 1916 1189 8 +40 11 +3 48 + 133 74 
17 1917 878 9 -270 79 -23 55 + 110 24 
18 1918 937 0 -212 69 -18 49 +91 75 
19 1919 1429 8 +280 11 +24 36 + 116 11 
20 1920 1626 8 +477 11 +41 49 + 157 6 
21 1921 1041 1 -108 59 -9 44 + 148 05 
22 1922 1947 6 +797 91 +<9 40 +217 45 
23 1923 1052 1 -97 59 -8 48 +208 97 
24 1924 1106 7 -42 99 -3 73 +205 25 
25 1925 1505 0 +355 31 +30 90 +236 14 
26 1926 6127 -536 99 -46 70 + 189 44 
27 1927 840 3 -309 39 -26 91 + 162 53 
28 1928 1233 9 +84 21 +7 32 + 169 85 
29 1929 1366 7 +21701 + 18 87 + 188 72 
30 1930 1368 I +21841 + 18 99 +207 71 
31 1931 1675 2 +525 51 +45 70 253 41 
32 1932 1548 2 +398 51 +34 66 +288 07 
33 1933 1257 8 +108 11 +9 40 +297 47 
34 1934 628 8 +479 11 +41 67 +339 14 
35 1915 906 9 -242 79 -21 11 +318 03 
36 1916 1086 1 -€3 59 -5 53 +312 5 
37 1937 1351 4 +201 71 +17 54 +330 04 
1938 1110 9 -38 79 -3 37 +326 67 
1919 1227 6 +77 91 +«77 +333 44 
40 1940 15196 +369 91 +32 17 +365 61 
41 1941 925 4 -224 29 -19 50 +346 4 
42 1942 1759 7 +«I0D1 +53 05 +399 16 
43 1943 1071 3 -78 39 -681 +392 35 
44 1944 1244 4 +94 71 +8 23 +400 58 
45 1945 1000 6 -149 09 -12 96 +387 62 
46 1946 1814 7 +665 01 +57 84 +445 46 
47 1947 9179 -236 79 -20 59 +424 87 
48 1948 1158 2 +8 51 +0 74 +425 61 
49 1949 662 9 -486 79 -42 34 +383 27 
50 1950 87 5 -362 19 -31 50 +351 77 
51 1951 838 2 -31149 -27 09 +324 68 
52 1952 672 6 -477 09 -41 49 +283 19 
53 1953 1030 1 -11959 -10 4C +272 79 
54 1954 1065 5 -84 19 -7 32 +265 47 
55 1955 1474 0 +324 31 +28 20 +293 67 
56 1956 1222 7 +73 01 +« 35 +300 02 
57 1957 779 5 -370 19 -32 19 +267 83 
58 1958 859 4 -290 29 -25 24 +242 59 
59 1959 1033 0 -116 69 -10 14 +232 45 
60 1960 11905 +40 81 +3 54 +235 99 
61 1961 1306 3 +156 61 +13 62 +249 61 
62 1962 600 7 -548 99 -47 45 +201 86 
63 1963 1234 5 +84 81 +7 37 +209 23 
64 1964 674 0 -475 69 -41 37 + 167 86 
65 1965 1270 3 +120 61 +10 49 +178 35 
66 1966 17199 +570 21 +49 59 +227 94 
67 1%7 1427 1 +277 41 +24 12 +252 06 
68 1968 749 6 -400 09 -34 79 +217 27 
69 1969 1422 4 +272 71 +23 72 +240 99 
70 1970 1226 4 +76 71 +6 67 +247 66 
71 1971 1541 1 +391 41 +34 04 +281 7 
72 1972 914 0 -235 69 -20 50 +261 2 
73 1973 1721 9 +572 21 +49 77 +310 97 
74 1974 702 0 •447 64 -38 93 +272 04 
75 1975 1376 0 +226 31 + 19 68 +291 72 
76 1976 6175 -532 19 -46 28 +245 44 
77 1977 764 3 -385 39 -33 52 +211 92 
78 1978 1285 3 + 13561 +11 79 +223 71 
79 1979 1474 9 +325 21 +28 28 +251 99 
80 1980 845 9 -303 79 -26 42 +225 57 
81 1981 993 9 -155 79 -13 55 +212 02 
82 1982 746 8 -402 89 -35 04 + 176 98 
83 1983 1293 1 + 143 41 + 12 47 + 189 45 
84 1984 1023 2 -126 49 -11 00 + 178 45 
85 1985 1082 9 -66 79 -5 80 + 172 65 
86 1986 834 2 -315 49 -27 44 + 145 21 
87 1987 381 9 -767 79 -66 78 +78 43 
88 1988 641 9 -508 49 -44 22 +34 21 
89 1989 866 1 -283 59 -24 66 +9 55 
90 1990 1274 1 + 1244! + 1082 +20 37 
91 1991 1001 0 -148 69 -12 93 •7 44 
92 1992 724 5 -425 19 -36 98 -29 54 
93 1593 1354 1 • 204 41 • 1777 -11 83 
94 1994 649 2 -500 49 -)3 53 -55 36 
95 1995 1201 2 '51 51 +4 48 -50 88 
96 19% 2005 2 +855 SI +74 41 +23 53 
97 1997 1046 5 -103 19 -8 97 + 14 56 
98 1998 1548 7 +399 01 +34 70 +49 26 
99 1999 1048 3 -101 39 -8 81 +40 45 
100 2000 1102 0 -47 69 -4 14 +36 31 
Appendix 1-D 
Rain gauge station 
Mean of 100 years of rainfall (jc) 
Standard Deviation = (8) 
Co-efficient of variation 
Vriddhachalam 
= 1059.90mm 
= 248.7 
= 23.46 
S No Vears Annual Rainfall (x) mm 
X X (mm) 
Dcparture% Cumulative departure% 
1 1901 11382 +78 3 +7 38 +7 38 
2 1902 1191 3 + 1314 +12 39 + 19 77 
3 1903 1062 8 +2 9 0 27 +20 04 
4 1904 980 8 -79 1 -7 46 -1258 
5 1905 1074 5 +14 6 + 137 + 13 95 
6 1906 1256 9 +197 0 +18 58 +32 53 
7 1907 11158 +55 9 +5 27 +37 8 
S 190& m s s +3197 +69 77 
9 1909 853 4 -206 5 -19 48 +50 29 
10 1910 941 5 -1184 -11 17 +39 12 
11 1911 878 3 • 181 6 -17 13 +21 99 
12 1912 1059 5 -0 40 -0 03 +21 96 
-13 1913 1276 6 +216 7 +20 44 +42 4 
14 1914 290 2 +230 3 +21 72 +64 12 
15 1915 766 8 -293 1 -27 65 +36 47 
16 1916 1003 8 -56 1 -5 29 +31 18 
17 1917 781 3 -278 6 -26 28 +4 9 
18 1918 878 6 -1813 -171 +3 19 
19 1919 12186 + 158 7 + 14 97 + 18 16 
20 1920 1667 5 +607 6 +57 32 +75 48 
21 1921 963 6 -96 3 -9 08 +664 
22 1922 1556 0 +496 1 +46 80 + 113 2 
23 1923 608 5 -451 4 -4 25 + 108 95 
24 1924 926 4 -133 5 -12 59 +96 36 
25 1925 13154 +255 5 +24 10 + 120 46 
26 1926 704 8 -355 1 -33 50 +86 96 
27 1927 941 5 -1184 -11 17 +75 79 
28 1928 1391 7 +331 8 +31 30 + 107 09 
29 1929 1007 9 -52 0 -4 90 + 102 19 
30 1930 1159 4 +99 5 +9 38 +111 57 
31 1931 1255 9 +1960 + 18 49 + 130 06 
32 1932 1025 8 -34 1 -3 21 + 126 85 
33 1933 1036 8 -23 1 -2 17 +124 68 
34 1934 1111 0 +51 1 +4 82 + 129 5 
35 1935 1070 3 + 104 +0 98 + 130 48 
36 1936 1068 5 +8 6 +081 + 131 29 
37 1937 1489 0 +429 I +40 48 + 171 77 
38 1938 1069 4 +9 5 0 89 + 172 66 
39 1939 8714 -248 5 -23 44 + 149 22 
40 1940 1131 0 +71 1 +« 70 + 155 92 
41 1941 10126 -47 3 -4 46 + 151 46 
42 1942 1238 8 +178 9 + 16 87 + 168 33 
43 1943 1214 1 + 154 2 +14 54 + 182 87 
44 1944 1348 8 +288 9 +27 25 +210 12 
45 1945 879 0 -180 9 -1706 + 193 06 
46 1946 1687 8 +627 9 +59 24 +252 3 
47 1947 790 8 -269 1 -25 38 +226 92 
48 1948 56 2 -203 7 -1921 +207 71 
49 1949 25 4 -434 5 -40 99 + 166 72 
50 1950 79 3 -280 6 -26 47 + 140 25 
51 1951 90 2 -169 7 -1601 + 124 24 
52 1952 91 8 -468 1 -44 16 +80 08 
53 1953 042 5 -174 -1 64 +78 44 
54 1954 218 5 +158 6 + 14 96 +93 4 
55 1955 1253 8 +193 9 +18 29 +111 69 
56 1956 1329 5 +269 6 +25 43 +137 12 
57 1957 983 2 -76 7 -7 23 +129 89 
58 1958 0 0 3 -159 6 -15 05 +114 84 
59 1959 13 3 -246 6 -23 26 +91 48 
60 1960 446 4 +386 5 +36 46 +128 04 
61 1961 1167 7 +107 8 + 10 17 + 138 21 
62 1962 993 6 -663 -6 25 + 13196 
63 1963 1470 0 +410 1 +38 69 +170 65 
64 1964 689 1 -370 8 -34 98 + 135 67 
65 1965 1130 1 +70 2 +6 62 + 142 29 
66 1966 1324 0 +264 1 +24 91 +167 2 
67 1%7 1197 0 +137 1 + 12 93 + 180 13 
68 1968 1007 9 -52 0 -4 90 + 175 23 
69 1969 984 3 -75 6 -7 13 +168 1 
70 1970 899 0 -160 9 -15 18 + 152 92 
71 1971 1132 0 +72 1 +6 80 + 159 72 
72 1972 1400 0 +340 1 +32 08 + 191 8 
73 1973 1148 0 +88 1 +8 13 +200 11 
74 1974 656 5 -403 4 -38 06 + 162 05 
75 1975 994 4 -65 5 -6 17 +155 88 
76 1976 808 5 -2514 -2 37 +153 51 
77 1977 1388 7 +328 8 +3 10 + 15661 
78 1978 1034 4 -25 5 -2 40 + 154 21 
79 1979 1271 6 +211 7 + 19 97 +174 18 
80 1980 592 0 -467 9 -44 14 + 130 04 
81 1981 1065 1 +5 20 +0 49 + 130 53 
82 1982 538 1 -521 8 -49 23 +81 3 
83 1983 1222 6 + 162 7 + 15 35 +96 65 
84 1984 1189 2 + 129 3 + 12 19 + 108 84 
85 1985 1301 9 +242 0 +22 83 + 131 67 
86 1986 1024 2 -35 7 -3 36 + 128 31 
87 1987 455 4 -604 5 -57 03 +71 28 
88 1988 7163 -343 6 -32 41 +38 87 
89 1989 906 0 -153 9 -14 52 +24 35 
90 1990 963 8 -% 1 -9 06 + 15 29 
91 1991 10190 -(0 9 -3 85 +11 44 
92 1992 947 5 -1124 -10 60 +0 84 
93 1993 1349 7 +289 8 +27 34 +28 18 
94 1994 904 4 -155 5 -14 67 +13 51 
95 1995 861 3 -198 6 -18 73 -5 22 
96 1996 1568 5 +508 6 +47 98 +42 76 
97 1997 924 4 -135 5 -12 78 +29 98 
98 1998 1133 6 +73 7 +6 95 +36 93 
99 1999 1211 1 +151 2 + 14 26 +51 19 
100 2000 1018 2 -41 7 -3 93 +47 26 
Appendix-II 
LITHOLOGICAL LOGS OF BOREHOLE DRILLED BY CENTRAL AND 
STATE GOVERNMENT AGENCIES IN AND AROUND THE NEYVELI 
LIGNITE REGION CUDDALORE DISTRICT, (TAMIL NADU). 
1. Location:CHETTITERUVU (11®40':79"24'30", 58M/6) 
Soil with gravel 000-2.74 2.74 
Gravel with a little clay 2.74-5.79 3.05 
Sand, medium to coarse grained, with gravel with 
intercalations of clay from 16.46-17.68m 
5.79-25.91 20.12 
Sand, coarse to very coarse grained with gravel clayey 
(with mottled clay between 30.78-32.92m) 
25.91-44.81 18.90 
Gravel pea-size with sand, medium to veiy coarse 
grained and with occasional intercalations of clay 
44.81-85.34 40.53 
Clay, black, with sand and gravel 85.34-89.92 4.58 
Gravel with sand, coarse to very coarse grained 89.92-113.39 23.47 
Sand and gravel with clay, gray 113.39-135.03 21.64 
Clay an shale, black, frequently sandy 135.03-241.40 106.37 
2.Location: KO-PUVANUR (1 l°36'30":79°18'30";58M/6) 
Top soil, clayey with sand and gravel GL-03.00 3.00 
Clay grayish with gravel 03.00-06.00 3.00 
Clay with limestone 06.00-11.00 5.00 
Clay, black, plastic with gravel at places 11.00-50.00 39.00 
Clay, black with bands of limestones occasionally 50.00-100.00 50.00 
Clay and shale with bands of limestone 100.00-154.00 54.00 
Limestone intercalated with sandstone, gravelly wit minor 
clay 
154.00-182.00 28.00 
Clay, black, plastic with bands of limestone and sandstone 182.00-232.00 50.00 
Sandstone, calcareous compact 232.00-242.00 10.00 
Clay and shale wit occasional bands of limestone 242.00-300.06 j 58.06 
3. Location: RAGHAVANKUPPAM (11"35':79"30"; 58M/6) 
Soil and clay red 00.00-3.05 3.05 
Clay, red plastic, with sand and gravel 03.05-5.79 2.74 
Sand, medium to coarse grained with gravel and clay 05.79-14.33 8.53 
Clay white plastic, sandy 14.33-17.37 3.04 
Sand, medium to very coarse grained and gravel with clay 17.37-61.87 44.50 
Clay, mottled with sand and occasionally with gravel 61.87-73.00 11.13 
Clay, dark gray to black 73.00-120.40 47.40 
Sandstone very hard with intercalations of clay 120.40-144.76 24.38 
Clay, black, slightly stiff 144.78-201.17 56.39 
Shale, black with clay 201.17-218.54 17.37 
Sandstone 218.54-219.76 1.22 
Clay, gray black and shale 219.76-304.80 85.04 
4. Location: PUDUKURAYYAPETTAI (ll'^31'15":79°21'; 58M/6) 
Laterite soil, reddish with sand 0.00-07.00 7.00 
Sandstone lateritic, yellowish and brownish 07.00-13.00 6.50 
Sandstone, fine to medium-grained whitish 13.00-16.00 2.50 
Clay variegated, with minor sandstone 16.00-28.00 12.00 
Sandstone medium to coarse grained, reddish brown 28.00-32.00 4.00 
Sandstone medium to coarse grained, reddish brown with clay 32.00-35.00 3.00 
Sandstone, medium to coarse-grained, with clay intercalations 35.00-72.00 37.00 
Sandstone, veiy coarse grained, with pebbles 72.00-113.00 41.00 
Clay, gray to black, plastic with minor calcareous sandstone and 
Limestone 
113.00-122.00 9.00 
Clayey sandstone, calcareous with limestone grayish compact 122.00-195.00 73.00 
Sandstone, fine to coarse-grained, compact calcareous 
intercalated with limestone and minor clay 
195.00-242.00 47.00 
Sandstone, fine to coarse-grained, compact calcareous and 
limestone with minor clay intercalations 
242.00-320.00 70.00 
Clay, cement gray, plastic and with limestone, dark gray compact 320.00-390.00 70.00 
Clay, cement gray, plastic and with limestone, dark gray compact 320.00-390.00 70.00 
Sandstone, calcareous and limestone 390.00-396.00 6.00 
Clay and shale with minor sandstone and limestone 396-407 11.00 
Clay gray to black plastic with minor sandstone 407-435 28 
Sandstone, calcareous with limestone and clay at places 435.00-470.00 35.00 
Clay, black, plastic with shale 470.00-519.80 49.80 
5. Location: BUDANUR (1 l°30'30":7r20'; 58M/6) 
Sand, clayey 00.00-5.49 5.49 
Sand clayey 5.49-19.81 14.32 
Clay, Shaly with a little medium grained sand 19.81-26.21 6.40 
Sand, fine to coarse grained, brown, with a little clay 26.21-36.27 10.06 
Sand, medium to coarse grained 60.96-67.67 6.71 
Sand, medium to very coarse grained 67.67-84.74 17.07 
Gravel (2-4mm) and sand, composed of quartz with some 
clay 
84.74-108.51 23.77 
Clay, bluish gray, black with black Carbonaceious material 
(lignite) and a little sand 
108.51-141.12 32.61 
Clay with a little fine-grained sand 141.12-155.14 14.02 
Sand, medium to coarse grained clay 155.14-176.17 21.03 
Sand, fine to medium grained 176.17-184.10 7.93 
Clay plastic 184.10-188.37 4.27 
Sand, clayey with black Carbonaceious material 189.59-199.64 10.06 
Clay, mottled yellow and gray with black carbonceious 
material and sand 
199.64-210.62 10.98 
6. Location: ADIMANKUPPAM (11°32'35".79''26', 58M/6) 
Clay, mottled sandy, (sand fine to medium grained) 0.00-25.30 25.30 
Sand, medium to coarse grained mixed with clay 25.30-44.20 18.90 
Clay, white and mottled, with a little sand 44.20-83.21 39.01 
Sand, veiy coarse grained 83.21-94.80 11.59 
Sand with a little clay 94.80-102.11 7.31 
Sand, coarse to very coarse grained 102.11-208.79 106.68 
Clay, mottled with a little sand 208.79-250.85 42.06 
Clay, black with intercalations of compact sandstone 250.85-457.20 206.35 
y.Location; KAMMAPURAM 
Alluvial clay 00.00-03.00 3.00 
Sandstone, unconsolidated, fine to medium grained 03.00-43.00 40.00 
Clayey, sandstone 43.00-44.50 1.50 
Sand, medium grained 44.50-59.50 15.00 
Sandstone, clayey 59.50-65.00 5.50 
Sand 65.00-80.00 15.00 
Clay, gray 80.00-84.00 4.00 
Sand, medium grained 84.00-93.00 9.00 
Clay, gray 93.00-95.00 2.00 
Clav and shale wit occasional bands of limestone 242.00-300.06 58.06 
8. Location: PALAIYAMKOTTAI (ll°2r30":79°28'50";58M/7) 
Sand, fine grained, with ferruginous material 0.00-10.06 10.06 
Gravel, lateritie 10.06-16.15 6.09 
Clay, whitish and brownish slightly sandy 16.15-25.60 9.45 
Sand, fine to medium grained, with a little gravel 25.60-28.65 3.05 
Clay, brownish and white occasionally mixed with sand 28.65-57.00 28.35 
Sand, fine to medium grained occasionally mixed with 
brownish clay 
57.00-89.31 32.31 
Sand, medium to ver>' coarse grained 89.31-128.32 39.01 
Lignite and Carbonaceous clay 128.82-140.32 12.50 
Sand, fine to coarse grained 140.82-170.69 30.13 
Sand clayey 170.69-176.78 6.09 
Sand, medium to coarse grained 176.78-204.22 27.44 
Alternating layers of white clay and medium to coarse 
grained sand 
204.22-229.82 25.60 
9.Location: APAPPA ERI Well No. - M-III/32 (0) 
Lateritie Soil 00.00-00.85 0.85 
Sandy clay with kankar at the bottom 00.85-01.80 0.95 
Lateritie soil 01.80-02.10 0.30 
Sandy clay with kankar 02.10-06.60 4.50 
Sand, medium grained 06.60-09.60 3.00 
Sandy clay with kankar variegated 09.60-12.00 2.40 
Clay, gray 12.00-12.70 0.70 
Sandy clay with kankar 12.70-18.00 5.30 
Sand, medium grained 18.30-21.00 3.00 
Sandstone, medium grained 21.00-24.00 3.00 
Sand, medium grained 24.00-29.00 5.00 
Clayey sand, medium grained 36.00-38.00 2.00 
Clayey sandstone, medium grained 38.00-51.00 13.00 
Sand, medium grained 51.00-70.00 19.00 
Contaminated lignite 70.00-70.50 0.50 
Lignite 70.50-76.50 6.00 
Containinated lignite 76.50-77.00 0.50 
Lignite 77.00-80.00 3,00 
Lignite, contaminated 80.00-80.50 0.50 
Lignite 80.50-50-81.00 0.50 
Contaminated lignite 81.00-82.00 , 1.00 
Clay, ball 82.00-82.50 0.50 
Sand, medium grained 82.50-94.50 12.00 
Clay, gray 94.50-96.50 2.00 
Sand, medium grained 96.50-113.50 17.00 
10. Location: VALAIYALADEVI (1 l°28:79®30';58M/7) 
Top soil with clay and kankar 0.00-07.00 7.00 
Sand, coarse grained angular, mostly of brownish and 
whitish 
07.00-13.50 6.50 
Clay, pale brownish and grayish plastic and sticky 13.50-20.35 6.85 
Sand very coarse grained dark brownish with touch or 
white 
20.35-28.00 7.65 
Sandstone, clayey, very coarse grained yellowish brown 28.00-32.00 4.00 
Sandstone, clayey, very coarse grained yellowish brown 
with gravel 
32.00-44.00 12.00 
Clay, variegated (with yellow redominent at places) with 
minor sand 
44.00-51.00 7.00 
Clay with sandstone, pinkish brown at top and pale gray at 
bottom 
51.00-71.00 20.00 
Sandstone medium to coarse with gravel and minor clay 
lenses 
71.00-99.00 28.00 
Lignite with carbonaceous 99.00-113.00 14.00 
Sandstone, very coarse grained with minor clay 
intercalations with gravel at places 
113.00-145.00 32.00 
Clay, with minor sandstone 145.00-149.00 4.00 
Sandstone, clayey, medium to coarse 149.00-163.00 14.00 
Sandstone medium to very coarse grained, with gravel at 
the deeper section with lenses of clay at places 
163.00-392.00 229.00 
Clay, black, plastic with minor siltstone 392.00-412.00 20.no 
Sandstone, medium to coarse with gravel with occasional 
clay 
412.00-445.00 33.00 
Clay, with minor sandstone 445.00-452.00 7.00 
Sandstone, coarse grained with minor clay 452.00-454.00 2.00 
Clay with minor sandstone, coarse grained 454.00-460.00 6.00 
Gravel with sandstone 460.00-472.00 12.00 
Clay, black plastic intercalated with sandstone and gravel 472.00-503.00 31.00 
Marcasite bed 503.00-504.00 1.50 
Clay, grayish to black plastic with gravel 504.00-509.00 4.50 
Marcasite bed 509.00-511.00 2.00 
Clay, gray to black with shale 511.00-530.00 19.00 
Sandstone, fine grained (capal) with occasional gravel and 
clay intercalations 
530.00-533.00 3.00 
Clay and shale with minor sandstone 533.00-540.00 7.00 
Sandstone, fine grained compact with gravel and clay 
intercalations in sections with bands of Marcasite bed at 
places 
540.00-614.00 74.00 
Clay, black and carbonaceous at places with minor 
sandstone 
614.00-633.00 19.00 
Sandstone, calcareous with minor gravel 633.00-637.00 4.00 
Clay and shale with minor sandstone 637.00-640.00 3.00 
Sandstone fine grained compact with gravel and minor clay 
intercalations 
640.00-664.00 24.00 
Clay black with shale 66400-673.00 9.00 
Sandstone fine grained with Marcasite intercalations 673.00-683.00 10.00 
Clay black plastic and sticky with shale 683.00-696.00 13.00 
Sandstone fine grained compact with occasional gravel and 
clay intercalations in sections 
696.00-739.00 43.00 
Clay and shale, black plastic with minor sandstone 
intercalation at places 
739.00-750.00 11.00 
11. Location: ERUMBUR Well No. - M-III/48 (0) 
Top soil, sandy clay 00.00-01.50 1.50 
Alluvial clay with sand at places 01.50-02.80 1.30 
Clay sand 02.80-04.50 1.70 
Alluvial clay with kankar 04.50-18.15 13.65 
Sandstone, semi-consolidated 18.15-18.50 0.35 
Sandy clay 18.50-19.75 1.25 
Alluvial clay with sand and kankar at the bottom 19.75-25.00 5.25 
Sand, medium to coarse grained 25.00-33.50 8.50 
Clay with little sand 33.50-34.00 0.50 
Sandstone, variegated 34.00-34.60 0.60 
Clay, variegated 34.60-34.80 0.20 
Sandstone, medium grained 34.80-35.50 0.70 
Sand 35.50-41.50 6.00 
Clay, variegated 41.50-47.50 6.00 
Carbonaceous clay with lignite specks 47.50-48.00 0.50 
Sandstone, medium grained 48.00-48.50 0.50 
Clayey sandstone 48.50-49.00 0.50 
Sandstone, medium grained 49.00-50.00 1.00 
Clayev sandstone 50.00-52.00 2.00 
Sandstone, gray coloured medium grained 52.00-53.00 1.00 
Sand 53.00-65.00 12.00 
Clayey, sandstone 6500-66.00 1.00 
Clay, variegated 66.00-69.00 3.00 
Sandstone, clayey 69.00-74.00 5.00 
Sand, medium grained 74.00-87.00 13.00 
Sandy clay, variegated 87.00-90.00 3.00 
Sand, medium to coarse grained 90.00-90.00 20.00 
Sandy clay, variegated 110.00-116.50 6.50 
Sand, loose, medium to coarse grained 116.50-122.50 6.00 
Sandy clay 122.50-130.00 750 
Sandstone, medium grained with lignite specks 130.00-131.50 1.50 
Sand 131.50-134.50 3.00 
Clay 134.50-137.50 3.00 
Sandstone 137.50-138.00 0.50 
Clay and sandstone 138.00-140.50 2.50 
Sand 140.50-145.00 4.50 
Lignite 145.00-147.50 2.50 
Carbonaceous sand 147.50-148.00 0.50 
Clay, gray 148.00-149.00 1.00 
Clayey, sandstone 149.00-149.50 0.50 
Sand, loose, medium grained 149.50-153.50 4.00 
Clay 153.50-153.80 0.30 
Carbonaceous clay 156.50-157.00 0.50 
Clay 157.00-158.00 1.00 
12. Location: SHATIATOPE (ll'^26':79°32', 58M/11) 
Lithology Depth Range 
(m bgl) 
Thickness 
(m) 
Clay, black 0.00-2.44 2.44 
Clay, brown, soft 2.44-20.42 17.98 
Sand, medium to coarse grained with gravel 20.42-30.48 10.06 
Sand, medium to coarse grained with clay, dark brown 30.48-37.49 7.01 
Clay, mottled with sand 37.49-51.51 14.02 
Clay, white and yellow with fine sand 51.51-55.47 3.96 
Clay, white and bluish with lignite 55.47-61.87 6.40 
Clay, bluish gray 61.87-64.92 3.05 
Clay, bluish gray with lignite 64.92-68.88 3.96 
Clay, bluish gray witli fine sand 68.88-72.24 3.36 
Sand, medium to fine grained with a little lignite 72.24-75.9 3.66 
Clay, mottled, sandy with lignite 75.90-92.96 17.06 
Sand, medium to fine grained with clay and lignite 92.96-96.93 3.97 
Clay, bluish sandy 96.93-99.98 3.05 
Clay, white with gravel and sand 99.98-105.16 5.18 
Clay, pale yellow, soft 105.16-118.87 13.71 
Clay with gravel and coarse sand 118-87-126.19 7.32 
Sand with intercalations of clav 126.19-168.25 42.06 
Clay gray with sand fine to coarse grained and 
carbonaceous matter 
168.25-193.24 24.99 
Sand and gravel 193.24-251.76 58.52 
Clay, white, soft 251.76-261.82 10.06 
Sand, coarse to very coarse grained with clay and 
gravel 
261.82-386.79 124.97 
Clay, Sandy 386.79-393.80 7.01 
Sand with a little clay 393.80-397.15 3.35 
Clay with sand 397.15-404.16 7.01 
Sand with clay 404.16-453.85 49.68 
Clay, gray, soft 453.85-457.20 3.35 
13. Location: METTUKKUPPAM (11®31':79°31'30"; 58M/10) 
Laterite 0.00-2.13 2.13 
Clay, laterite 2.13-6.40 4.27 
Sand, medium to very coarse grained 6.40-9.45 3.05 
Gravel, lateritic with very coarse grained sand 9.45-13.41 3.96 
Sandstone, mottled with intercalations of clay 13.41-37.19 22.78 
Clay, mottled, plastic 37.19-41.45 4.26 
Sandstone with prominent intercalations of clay 41.45-66.14 24.69 
Clay, sandy 66.14-75.29 9.15 
Sand 75.29-81.99 6.70 
Sand with intercalations of clay 81.99-99.67 17.68 
Gravel, pea-size with veiy coarse grained sand 99.67-119.48 19.81 
Sand, medium to very coarse grained 119.48-133.81 13.33 
Clay 133.81-134.72 0.91 
Lignite 134.72-143.87 9.15 
Clay, plastic 143.87-145.09 1.22 
Gravel of quartz 145.87-153.92 8.83 
Sand, very coarse grained 153.92-163.37 9.45 
Gravel of quartz pea-size 163.37-166.42 3.05 
Sand, veiy coarse grained with brown clay 166.42-170.69 4.27 
Clay, sandy 170.69-181.97 11.28 
Sand, coarse to very coarse grained with some gravel 
occasionally clay 
181.97-194.46 12.49 
14.Location: MANIHARAKKUPPAN Well No. - M-I/3 (0) 
Soil, lateritic 00.00-03.50 3.50 
Sandstone, clayey 03.50-09.00 5.50 
Clay 09.00-12.50 3.50 
Sandstone, clayey 12.50-14.00 1.50 
Clay 14.00-14.50 0.50 
Sandy clay 14.50-15.50 1.00 
Clay 15.50-16.00 0.50 
Clayey sand 16.00-16.50 0.50 
Sandstone, clayey 16.50-22.70 6.20 
Sand, medium grained 22.70-39.70 17.00 
Clayey sand 39.70-41.00 1.30 
Sandstone clayey 41.00-43.00 2.00 
Clayey sand 43.00-47.50 4.50 
Clay 47.50-50.00 2.50 
Clayey sand 50.00-62.00 12.00 
Sand, medium grained 62.00-71.50 9.50 
Lignite 71.50-86.00 14.50 
Lignite, contaminated 86.00-87.00 1.00 
Carbonaceous clay 87.00-87.70 0.70 
Sand, medium grained 87.70-103.00 15.30 
Lignite, contaminated 103.00-103.30 0.30 
Clay 103.30-105.30 2.00 
Sand, medium grained 105.30-119.70 4.40 
Clay 103.30-105.30 2.00 
Sand medium grained 124.20-135.00 10.80 
15. Location: OLD NEYVELI Well No. - M-II/37 (O) 
Alluvial clay sandy with kankar 00.00-10.00 10.00 
Sandy clay 10.00-15.00 5.00 
Clayey sandstone, variegated 15.00-15.50 0.50 
Sandy clay, variegated 15.50-19.00 3.50 
Clay, variegated 19.00-21.00 2.00 
Sandy clay, variegated 21.00-24.00 3.00 
Clayey sandstone, variegated 24.00-25.00 1.00 
Sandy clay, variegated 25.00-27.00 2.00 
Clayey sandstone 27.00-28.00 1.00 
Sandy clay 28.00-29.00 1.00 
Clayey sandstone, variegated 29.00-34.00 5.00 
Sandy clay, variegated 34.00-37.00 3.00 
Clay 27.00-40.00 3.00 
Sandy clay 40.00-48.00 8.00 
Sand, medium grained 48.00-61.50 13.50 
Carbonaceous clay 61.50-62.50 1.00 
Sand 62.50-68.00 5.50 
Sandy clay, gray 68.00-69.00 1.00 
Lignite 69.00-86.50 17.50 
Sand, loose, medium to coarse grained 86.50-103.50 18.00 
Clayey sandstone, medium grained 103.50-104.50 1.00 
Sand, medium to coarse grained 104.50-108.00 3.50 
Clay, gray 108.00-108.70 0.70 
Clayey sandstone, medium grained 108.70-109.00 0.30 
Sand, medium to coarse grained 109.00-122.00 13.00 
Clay, gray 122.00-122.50 0.50 
16. Location: SEPPALANATTAL Well No. - M-II/40 (0) 
Top soil, sandy 00.00-03.00 3.00 
Sandy clay, variegated 03.00 4.00 
Clayey sandstone, medium grained, gray 07.00-08.50 1.50 
Sandy clay, variegated 10.00-12.00 2.00 
Clayey sandstone, variegated 10.00 2.00 
Sand, medium to coarse grained 12.00-18.00 6.00 
Sandy clay 18.00-22.00 4.00 
Clayey sandstone, medium to fine grained, variegated 22.00-30.50 8.50 
Clay, with little sand and kankar 30.50-33.50 8.50 
Clayey sandstone, medium grained, variegated 33.50-37.00 3.50 
Sand with little clay 37.00-43.00 6.00 
Clay, variegated 43.00-45.00 2.00 
Sandy, clay 45.00-46.00 1.00 
Clayey sand, medium to coarse grained 46.00-49.00 3.00 
Sandy clay, variegated 49.00-50.50 1.50 
Clayey sandstone, medium grained, variegated with 
kankar at places 
50.50-59.00 8.50 
Sand, medium to coarse grained 59.00-68.00 9.00 
Clay, variegated 68.00-69.00 1.00 
Sandy clay, variegated 69.00-71.00 2.00 
Clay, variegated 71.00-75.60 4.60 
Clayey sandstone, medium grained 75.60-78.00 2.40 
Clay, grey with sand 78.00-81.00 3.00 
Sandy clay, variegated 81.00-86.00 5.00 
Sand, medium to coarse grained 86.00-125.00 39.00 
Carbonaceous clay with marcasite 125.00-125.-50 0.25 
Lignite 125.50-126.50 1.25 
Sand, medium to coarse grained 126.50-128.50 2.00 
Lignite 128.50-144.00 15.50 
Carbonaceous clay and sand 144.00-144.50 0.50 
Sand, medium to coarse grained 144.50-161.00 16.50 
Clay, gray 161.00-163.00 2.00 
Sand medium to coarse grained 163.00-175.00 12.00 
Clay, gray 175.00-177.00 2.00 
Sand, medium grained 177.00-184.50 7.50 
Clay 184.50-185.50 1.00 
n.Location: KUDIYIRUPPU (1 l°4r40":79°28'35";58M/6) 
Top soil, sandy fine to medium brownish G 1-03.00 3.00 
Sandstone, clays whitish fine to medium grained 03.00-10.00 7.00 
Sandstone, mottled (brownish and whitish) fine to coarse 
grained clayey 
10.00-30.00 20.00 
Sandstone, fi-iable fine to medium grained brownish 30.00-52.00 22.00 
Pebbles mostly quartz, white to smoky with minor clay 52.00-108.00 56.00 
Sand, medium to very coarse grained with pebbles 108.00-135.00 27.00 
Clay, black, plastic interrupted witli sandstone fine grained 
and shale with marcasite at places 
135.00-210.00 75.00 
Clay, gray to black plastic with minor sandstone fine grained 
calcareous 
210.00-260.00 50.00 
Clay, black sticky with minor limestone, fossiliferrous 260.00-328.00 68.00 
Clay black sticky 328.00-390.00 62.00 
Clay, black with minor intercalation of shale with marcasite 
and calcareous limestone at this bands 
390.00-490.00 100.00 
Limestone, fine grained compact, grayish with fossils 490.00-507.00 17.00 
Sandstone and clay intercalations with lenses of shale 507.00-585.00 78.00 
Clay, gray, soft with shale and sand stone occasionally 
fossiliferous 
585.00-751.60 166.00 
18. Location: KADAMPULIYUR (I l''42';79"33';58M/10) 
Sand, fine to medium grained, mostly sub-angular and with a 
little clay 
0.00-26.21 26.21 
Sand, medium to coarse grained, sub-angular to sub-rounded 
composed mostly of quartz 
26.21.48.77 22.56 
Sand, fine to medium grained, composed of quartz and mixed 
with white clay 
48.77-79.25 30.48 
Clay, white, plastic, mixed with a little sand 79.25-89.92 10.67 
Sand, very coarse grained, rounded to sub-rounded composed of 
quartz 
89.92-104.24 14.32 
Sand, coarse grained mixed with white clay 104.24-113.69 9.45 
Sand, medium to coarse grained, sub-round composed of quartz 113.69-120.40 6.71 
Sand, medium to coarse grained, mixed with clay 120.40-129.24 8.84 
Sand, medium to very coarse grained, sub-rounded composed of 
quartz 
129.24-215.49 86.25 
19. Location:VADAKKUTTU(ll°36'30":79°33'; 58M/10) 
1 Soil, sandy with laterite materia! 0.00-7.32 7.32 
Sandstone, medium to coarse grained, iateritized 7.32-14.02 6.70 
Clay, white mixed with sand 14.02-15.85 1.83 
Clay, sandy, coarse to very coarse grained 15.85-28.65 12.80 
Clay, mottled with a little sand 28.65-52.43 23.78 
Sandstone, medium to coarse grained 52.43-86.56 34.13 
Lignite 85.86-99.37 12.81 
Lignite mixed with sand 99.73-102.11 2.74 
Sand coarse to very coarse grained with clay and 
intercalations of clay between 117.96-19.79m 
102.11-128.02 25.91 
Clay, white, plastic with a little sand 128.02-130.45 2.43 
Sand, medium to coarse with an intercalation of clay 130.45-146.91 16.46 
between 137.47-139.29m 
Clay with a little sand 146.91-154.84 7.93 
Sand, fine to medium grained, sub-angular and with a little 
clay 
154.84-185.32 30.48 
Sand, fine to medium grained with mottled clay between 185.32-208.79 32.47 
185.32-185.93m and 207.57-208.79 
Sand, medium to coarse grained, sub-angular composed of 
quartz and altered feldspar 
208.79-247.80 3901 
20.Location: ABADDHARANPURAM(1 l®34'10":79®33'25";58M/]0) 
Lateritic sandstone 00.00-07.00 7.00 
Sandstone, medium to coarse 07.00-23.80 16.80 
Sandy clay, mottle 23.80-27.15 3.35 
Sandstone, fine to medium 27.15-39.44 12.29 
Clayey sandstone, medium o coarse 39.44-64.49 25.05 
Sandy clay, gray sand medium to coarse, clay, dirt>' white 64.49-77.69 13.20 
Sandy clay, gray sand medium grained 77.69-118.00 40.31 
Clay sandy with lignite pieces 118.00-121.00 3.00 
Clayey sandstone, clay black 121.00-124.00 3.00 
Lignite, contaminated 124.00-131.00 7.00 
Sand, medium to coarse grained 131.00-137.33 6.33 
Lignitic clay 137.33-140.33 3.00 
Lignitic clay with sand 140.33-143.33 3.00 
Clayey sandstone, black 143.33-151.53 8.20 
Sand, medium to coarse grained 151.53-232.32 80.79 
Clay dirty white 232.32-234.83 2.51 
Clay, fine to medium grained 234.83-240.66 5.83 
Sand with clay 240.66-247.17 6.51 
Sandstone, hard with marcasite pieces and clay 247.17-278.51 31.34 
Sand, coarse grained 278.51-300.00 21.49 
21.Location: RAJANKUPPAM (1 r32'15":79°34'45";58M/10) 
Clayey, sandstone with kankar and pebbles 00.00-09.00 9.00 
Sandy clay 09.00-18.00 9.00 
Mottled clayey sandstone 18.00-30.00 12.00 
Mottled sandy clay 30.00-39.00 9.00 
Clayey sandstone with pebbles 39.00-54.00 15.00 
Clay with pebbles 54.00-60.00 6.00 
Sandstone, grayish black with pebbles 60.00-72.00 12.00 
Clay, gray black with pebbles 72.00-84.00 12.00 
Sandstone with pebbles 84.00-102.00 18.00 
Pebbles 102.00-108.00 6.00 
Sandy clay with pebbles 114.00-138.00 24.00 
Sandy clay 138.00-150.00 12.00 
Sandy clay with pebbles 150.00-171.00 21.00 
Clayey sandstone, mottled 171.00-174.00 3.00 
Sandy clay witli pebbles 174.00-186.00 4.00 
Clay. Gray 186.00-189.00 3.00 
Sandstone clayey 189.00-195.00 6.00 
Sandy clay 195.00-204.00 9.00 
Sand with pebbles 204.00-222.00 18.00 
Sand, fine grained 222.00-234.00 12.00 
Sandy clay, yellow 234.00-240.00 6.00 
Sand, fine grained 240.00-301.00 61.00 
22.Location: KURINJIPPADI (11°34'; 79^36'; 58M/10) 
Top soil, clay, dark brown, sandy 00.00-03.00 3.00 
Sand, brown, medium to coarse with steaks of clay 03.00-16.29 13.29 
Clay, light brown, hard with streaks of sand 16.29-19.03 2.74 
Sand, brown, medium to coarse with streaks of clay 19.03-32.23 13.20 
Sand, brown, very coarse gravelly witii occasional clay 32.23-67.26 35.03 
Clay, light gray with gravel 67.26-100.17 32.91 
Argillaceous sandstone, mottled 110.17-164.25 64.08 
Sand, light gray, very coarse, gravelly with streaks of clay 164.25-180.52 16.27 
Clay, brown, sticky, sandy 180.52-186.95 6.00 
Clay. gray, sandy, with occasional lignite 186.95-197.04 10.09 
Sand, gray, fine to medium with streaks of clay 197.04-207.40 10.36 
Sand, gray, medium to coarse with streaks of clay 207.40-217.53 10.13 
Clay, gray, sticky, sandy 217.53-233.72 16.19 
Clay, gray, sticky 233.72-278.51 44.79 
23.Location: NADUVIRAPATTU (1 l''44':79°37'30";58M/10) 
Laterite brick red in colour 0.00-03.05 3.5 
Clay variegated (Reddish, brownish, whitish and grayish with 
minor sandstone 
03.05-30.00 26.50 
Sandstone variegated (yellowish and whitish) with minor clay 30.00-35.00 25.00 
Clay gray to black (carbonaceous) plastic and sticky with 
minor fossil ferrous sandstone at plates 
55.00-95.00 40.00 
Sandstone Brownish to pale inkish, medium to very coarse 
grained with pebbles with minor clay 
95.00-113.00 18.00 
Clay, whitish calcareous plastic and sticlcy with minor 
sandstone 
113.00-117.00 4.00 
Sandstone brownish very coarse grained with pebbles 117.00-137.00 20.00 
Clay, whitish plastic and sticky with minor sandstone 137.00-145.00 8.00 
Sandstone pale brownish medium to coarse grained with 
pebbles and cobbles with minor clay at places 
145.00-225.00 80.00 
Sandstone, pebble bearing, mostly of quartz gray and 
smoothly with minor clay at places 
225.00-342.00 117.00 
Clay, gray to black plastic with minor sandstone 342.00-348.00 6.00 
Sandstone with pebbles mostly of quartz grayish with minor 
clay and shale 
348.00-359.00 11.00 
Clay and shale gray to black (carbonaceous) plastic and 
sticky with minor sandstone lenses at places 
359.00-400.00 41.00 
Calcareous sandstone fine to medium grained grayish 
calcareous with fossils at places intercalated with minor clay 
lenses 
400.00-410.00 10.00 
Clay and shale, black (carbonaceous) plastic and sticky with 
minor sandstone 
410.00-423.00 13.00 
Calcareous sandstone grayish to medium grained calcareous 
admixed with minor clay 
423.00-430.00 7.00 
Clay black plastic and sticky and shale compact 430.00-460.00 30.00 
Calcareous sandstone grayish fine to medium grained with 
minor shale and clay in traces 
460.00-467.00 7.00 
Clay black plastic and stick}' with shale black compact 467.00-477.00 10.00 
Calcareous sandstone, grayish, fine to medium grained with 
minor clay at places 
477.00-485.00 8.00 
Clay black plastic with shale compact intercalated with lenses 
and calcareous sand stone grayish at places 
485.00-508.00 23.00 
Calcareous sandstone pale-grayish fine to medium grained 
calcareous with ininor clay 
508.00-517.00 9.00 
Clay gray to black plastic and sticky with minor sandstone at 
places with considerable thickness in sections 
517.00-549.00 32.00 
Calcareous sandstone medium coarse grained with gravel 
with minor clay at places 
54.00-562.00 13.00 
Shale, black, compact with clay black plastic and sandstone 
lenses in traces. 562.00-751.32 189.3: 2 
24. LocationrKATTUSAGAI (11°39':79°'39';58M/10) 
Soil, reddish brown 00.00-03.00 3.00 
Clayey soil, brown, admixed with coarse sand 03.00-07.00 4.00 
Sand, coarse reddish brown composed mostly of sub-rounded 
quartz 
07.00-10.00 3.00 
Sand, medium to coarse grained 10.00-16.00 6.00 
Sand, dirty brown, medium to coarse 16.00-31.84 15.84 
Sand, very coarse, gravelly mostly composed of sub-rounded 
and rounded quartz 
31.84-63.00 31.16 
Clay 63.00-65.00 2.00 
Sandstone admixed with clay, reddish brown 65.00-76.00 11.00 
Clay, brownish 76.00-87.00 11.00 
Sandstone, fine grained admixed with clay 87.00-107.00 20.00 
Clay, brownish 107.00-110.00 3.00 
Sandstone, fme to medium, brownish with intercalations of 
clay 
110.00-130.00 20.00 
Clay, grayish black with lignite 130.00-140.00 10.00 
Sandstone, with minor clay intercalations and stray pieces of 
lignite 
140.00-155.00 15.00 
Sandstone, medium to coarse composed mostly of sub-
rounded and rounded quartz 
155.00-173.00 18.00 
Limestone, grayish with some stray shells 173.00-179.00 6.00 
Limestone, grayish 179.00-188.84 9.84 
Grayish clay 188.84-222.00 33.16 
Clay with medium to coarse sands 222-226 4.00 
Sandstone medium to very coarse, composed mostly of sub-
rounded and rounded quartz 
226.00-230.00 4.00 
Sandstone, with admixtures of clay 230.00-245.00 15.00 
Grayish clay 245.00-254.00 9.00 
Sandstone, medium to very coarse 254.00-266.00 12.00 
Clay, brownish 266.00-270.50 4.50 
Sandstone, very coarse, gravelly, with sub-rounded and 
rounded pebbles of quartz 
270.50-275.50 5.00 
Sandstone, as described above with clay 275.50-287.00 11.50 
Sandstone medium to coarse grained 287.00-291.50 4.50 
Sandstone with admixtures of clay 291.50-295.50 4.00 
Sandstone medium grained 295.50-300.00 4.50 
25.Location: TIRUVENDIPURAM (1 l'^45':79°43';58M/10) 
Sand, medium to coarse grained 00.00-10.00 10.00 
Clay, black 10.00-13.00 3.00 
Clayey sandstone 13.00-20.90 7.90 
Sand, very coarse with kankar 20.90-28.00 7.10 
Sandstone, variegated 28.00-50.60 22.60 
Sandstone, dirty white, hard 50.60-69.00 18.40 
Sandstone, gray 69.00-79.00 10.00 
Clay, black with sand, very coarse 79.00-82.00 3.00 
Sand, very coarse, with lignite pieces 82.00-90.50 8.50 
Clay, gray with occasional sand, coarse 90.50-95.60 5.10 
Sand, coarse with clay lenses and occasional lignite pieces 95.60-100.60 5.00 
Clay, dirty white, with sand medium to coarse 100.60-112.60 12.00 
Sand, coarse with occasional clay lenses 112.60-124.00 11.400 
Clay, black, with coarse sand and occasional lignite pieces 124.00-150.80 26.80 
Sand, coarse to very coarse (sandstoneO 150.80-156.00 5.20 
Clay with sand, sand fine to medium grained 156.00-169.00 13.00 
Sandstone, white with marcasite pieces 169.00-172.50 3.50 
Sand, very coarse with clay black 172.50-188.00 15.50 
Sand, very coarse 188.00-199.00 11.00 
Sand, fine to coarse grained with marcasite pieces 199.00-238.00 39.00 
Clav with sand 238.00-243.00 5.00 
Sand, medium to coarse grained with occasional clay 
black and pebbles 
243.00-302.00 59.00 
26.Location: SANGALIKUPPAM (ll"39'30":79"44'45";58M/10) 
Sand, clayey with kankar and broken pieces of fossils 00.60-06.00 6.00 
Sand, grayish to white, medium grained with pieces of fossils 06.00-09.60 3.60 
Sand, buff coloured, medium grained 09.60-38.62 29.02 
Sand, brownish, veiy coarse, with quartz and feldspar 38.62-45.00 6.38 
Sandstone, clayey, buff coloured 45.00-55.00 10.00 
Sandstone, clayey, brownish 55.00-60.00 5.00 
Clay, light gray, with some sandstone 60.00-82.70 22.70 
Clay, grayish with pieces of lignite 82.70-88.90 6.20 
Clay, grayish, with sand 88.90-92.00 3.10 
Clay, buff coloured with sand 92.00-98.00 6.00 
Clay, grayish 98.00-107.80 9.80 
Sandstone, grayish, medium to coarse grained 107.80-130.00 22.20 
Sandstone, grayish, medium grained with pieces of lignite 136.00-139.00 3.20 
Sandstone, grayish, medium to coarse grained 139.00-145.00 5.80 
Clay, grayish, admixed with sand, and lignite 145.00-162.00 17.00 
Sandstone, grayish, coarse grained 162.00-180.00 18.00 
Limestone, grayish 180.00-201.00 2100 
Limestone, grayish, hard and compact with fossils 201.00-209.00 8.00 
Sand, grayish, coarse to very coarse with clay lenses between 
248-251,279-281 and 284-286 
209.00-300.00 91.00 
27.Location: RAMANATHAKUPPAM (11°37'20":79°41'40"; 
58M/10) 
Top soil, sand clayey brown 00.00-04.50 4.50 
Sand clayey, fine to medium, brown 04.50-11.00 6.50 
Sand, medium to coarse with clay streaks 11.00-30.84 19.84 
Sand, coarse to very coarse with clay streaks 30.84-49.70 18.86 
Sand, coarse to very coarse brown 49.70-58.00 8.30 
Sand, medium to coarse, with clay intercalations 58.00-168.00 110.00 
Sand, medium to coarse 168.00-184.00 16.00 
Sand, medium to coarse clayey 184.00-212.00 28.00 
Clay back sticky 212.00-225.00 13.00 
Sand, medium to coarse, gray, with streaks of clay 225.00-242.00 17.00 
Clay, black 242.00-250.00 8.00 
Sand, medium to coarse with streaks of clay 250.00-254.00 4.00 
28. Location: ALAPPAKKAM (11^36': 79°43'45"; 58M/10) 
Clay, gray, sandy 0.00-7.32 7.32 
Sand, coarse grained mainly of quartz with a little brown 
clay 
7.32-16.76 9.44 
Clay, brown, semi-plastic 16.76-23.16 6.40 
Sand with gravel 23.16-27.43 4.27 
Sand, coarse to very coarse grained, sub-angular and sub-
rounded 
27.43-38.10 10.67 
Clay with a little sand fine to Coarse grained 38.10-47.24 9.14 
Sand, fine to very coarse grained with a little clay 47.24-75.29 28.05 
Sand, very coarse grain with clay 75.29-81.99 6.70 
Clay, gray, sandy 81.99-156.97 74.98 
Lignite with carbonaceous clay 156.97-161.24 5.27 
Clay, ash coloured with sand 161.24-171.91 10.67 
Clay, gray with carbonaceous material 17L91-188.37 16.46 
Clay, gray with a little gravel 188.37-192.94 4.57 
Sand and gravel 192.94-209.40 16.46 
Limestone, arenaceous with fossils 209.40-303.28 93.88 
Sand, coarse to veiy coarse grained, mainly quartz 303.28-365.15 61.87 
Limestone, arenaceious with fossils 365.15-375.21 10.06 
Shale, calcareous with fossils 375.21-396.24 21.03 
Sand, medium to coarse grained, mainly of quartz 396.24-457.20 60.96 
29.Location: METTUPALAIYAM (11°34'30":79°42'55"; 58M/10) 
Sandy soil, light brown 00.00-04.50 4.50 
Sand, dirty white, medium to coarse grained 04.50-11.00 6.50 
Sand, light brow, medium grained 11.00-13.50 2.50 
Sand, light brown, medium to very coarse grained, composed 
of sub-angular and sub-rounded quartz and sands broken 
shells 
19.78-42.70 22.92 
Clay, yellowish, soft with sand admixed 42.70-50.00 7.30 
Sandstone, light brown, fine grained 50.00-54.00 4.00 
Sandstone, reddish white, medium to coarse grained, mostly 
of sub-rounded quartz 
54.00-61.00 7.00 
Sandstone, dirty white to light brown medium to coarse 
grained, mostly of sub-rounded quartz 
61.00-71.00 10.00 
Sandy, clay, light brownish 71.00-75.00 4.00 
Sandstone, grayish white, medium to coarse grained 75.00-82.58 7.58 
Sandstone, grayish, white, very coarse gravelly mostly 
composed of sub-rounded quartz 
82.58-104.50 21.92 
Sandy clay 104.50-109.50 5.00 
Sandstone, grayish white medium to coarse grained with thin 
clay lenses 
109.50-129.00 19.50 
Sandstone, grayish, medium to coarse grained, mostly of sub-
rounded quartz 
129.00-141.00 12.00 
Sand clay, grayish 141.00-144.00 3.00 
Sandstone, grayish, medium to coarse grained, with thin 
lenses of clay and stray pieces of lignite 
144.00-183.00 39.00 
Sandy clay 183.00-185.00 2.00 
Sandstone, medium to coarse grained with thin clay lenses 185.00-203.00 18.00 
Clay, lenses, grayish, sandy 203.00-235.00 32 
Sandstone, medium to coarse grained 235.00-254.00 19.00 
Sandstone, medium to coarse grained, mostly of sub-rounded 
quartz with thin clay lenses 
254.00-267.90 13.50 
Clay, grayish 267.50-273.00 5.50 
Sandstone, medium to coarse grained 273.00-275.00 2.50 
Sandstone, medium to coarse witli the clay lenses and stray 
pieces of lignite 
275.50-283.50 8.00 
Sandstone, grayish, coarse to very coarse, gravelly, mostly of 
sub-rounded quartz and one broken shells 
283.50-289.50 6.00 
Gravel, very coarse, mostly of sub-rounded and rounded 
grains and pebbles of quartz/whitish and grayish 
289.50-300.00 10.50 
30.Location: PUDUCHATTRAM (11°31'05":79'^43'20"58M/10) 
Sand, fine grained 00.00-09.00 9.00 
Sandy clay with shells and coarse pebbles 09.00-12.00 3.00 
Clayey sand with kankar 12.00-27.00 15.00 
Clay sand 27.00-39.00 12.00 
Sandy clay 39.00-69.00 30.00 
Sand, coarse grained 69.00-90.00 21.00 
Sandy clay with occasional pebbles 90.00-96.00 6.00 
Clayey sand . 96.00-99.00 3.00 
Clay, black with occasional pebbles 99.00-159.00 60.00 
Sandy clay, black with occasional pebbles and kankar 59.00-165.00 6.00 
Clay, black 165.00-171.00 6.00 
Sandy clay, black 171.00-201.00 30.00 
Clay, black 201.00-228.00 27.00 
Clay, black, with shells 228.00-240.00 12.00 
Sandy, clay, black 240.00-246.00 4.00 
Clayey, sand 246.00-249.00 3.00 
Clay, black 249.00-258.00 9.00 
Clayey sand with peebbles 258.00-264.00 6.00 
Sand, very coarse grained 264.00-302.00 38.00 
31.Location: PORTO-NOVA (DEBH-5B) (11®28'20":79°43';58M/11) 
Sand fine grained, white to brown; sub-angiilar to rounded, 
well graded mostly of quartz, with recent shells. 
00.00-03.50 3.50 
As above; gray to white 03.50-07.00 3.50 
Sand very fine grained, gray to white with recent shells 07.00-19.60 12.60 
Sand medium grained, gray to white, sub-angular to rounded, 
mostly of quartz with few shell fragments 
19.60-25.70 6.10 
Clay, gray to brown, admixed with minor coarse sand (30%) 
and few shell fragments 25.70-28.80 3.10 
Sand, gray to brown, fine grained, admixed with brown clay 
(30 per cent) 28.80-31.80 3.00 
Sand, fine to medium grained, brown to white, well sorted 
and graded mostly of quartz 31.80-44.00 12.20 
Sand and gravel, medium to coarse grained sand, 
progressively increasing in size with depth and gravelly at 
bottom brown to white sub-rounded, mostly of quartz 
44.00-65.30 21.30 
Clay, black, sticky and plastic 65.30-74.50 9.20 
Sand fine grained to medium grained, well sorted and well 
graded, mostly of quartz 74.50-77.50 3.00 
Clay black, plastic and sticky admixed with few gravels 
(20%) 77.50-83.60 6.10 
Limestone gray, very compact and hard fossilferous 83.60-98.90 15.30 
Sand gray, fine to medium grained sub-angular mostly or 
quartz 98.90-108.00 9.10 
Sand gray, fine grained, admixed with gray clay (30 percent) 
hard and compact 108.00-114.10 6.10 
Sand and clay fine to medium grained sand, gray compact 
and hard admixed with gray clay 114.10-117.20 3.10 
Clay, black plastic and sticky 117.20-123.30 6.10 
Clay and siltstone and as above, with hard and compact 
siltstone 123.30-126.30 3.00 
Clay black, plastic and sticky 126.30-162.90 36.90 
As above with few silt hands at places 162.90-199.50 36.60 
Sand fine to medium grained, gray with minor clay 199.50-205.60 6.10 
Clay black, plastic an sticky 205.60-211.70 6.10 
Sand fine to medium grained, gray to white, admixed with 
minor clay 
211.70-217.80 6.10 
Sand medium grained gray to white, sub-rounded mostly or 
quartz 
217.80-220.90 3.10 
Clay dark gray to black, admixed with lignite (10 per cent) 
plastic and sticky 
220.90-230.10 9.20 
Sand and limestone gray, compact fine to medium grained 
admixed with minor clay (25 per cent) 230.10-236.10 6.00 
Limestone hard and compact dirty white admixed with minor 
clay 236.10-245.30 9.20 
Sandstone and siltstone, gray to white, compact at places, fine 
to medium grained sand 245.30-263.30 18.00 
Sand medium to coarse grained to sub-rounded, admixed with 
black clay (40 per cent) 263.30-266.30 3.00 
Sand fine grained, calcareous gray admixed with minor clay 
(15 per cent) 266.30-278.80 12.50 
Limestone, gray, compact, admixed with minor gray clay (25 
per cent) and minor fossils 278.80-300.20 9.20 
Clay, gray plastic and sticky admixed with limestone and 
sand 300.20-303.30 3.10 
Limestone gray, hard and compact admixed with minor clay 
303.30-309.30 6.00 
Limestone and as above with few minor lignite and fossils 309.30-318.50 9.20 
As above with more clay (50%) 318.50-324.609 6.10 
Clay, gray, to black, plastic and sticky 324.60-345.90 21.30 
Sand medium grained, plastic mostly of quartz, admixed with 
minor clay and lignite 345.90-361.20 15.30 
Lignite black, admixed with minor clay and sand 361.20-367.30 6.10 
Sand medium to coarse grained, well sorted as well rounded 
admixed with minor clay, highly fossilferous 367.30-388.60 21.30 
Sand and gravel fine grained to coarse grained, gray to white, 
well rounded, with fossils fragments 388.60-397.80 9.20 
Clay, gray to black admixed with sand and gravel (20 
percent) and limestone (10 per cent) 397.80-406.90 9.10 
Sand fine grained, mostly of quartz admixed with minor clay 
and fossils calcareous 406.90-413.00 6.10 
Clay, gray plastic and sticky 413.00-416.10 3.10 
Sand gray, fine to medium grained, well rounded, mostly of 
quartz, admixed with minor clay 416.10-430.00 13.90 
Appendix-III 
Hydrogeological data of observation wells in and around Neyveli Lignite Field 
( pre-monsoon ,2002) 
S No Locat ion R L o f G L 
(mamsl ) 
Pre-monsoon 
(July 
2002) Pos l -monsoon (Feb2003) W a f e r level 
fluctualion(ni) 
Depth to Water 
level (m bgl) 
Elevation of 
Water level (m 
amsf) 
Depth to Water level 
(m bgl) 
Elevation of 
Water level 
(m amsl) 
1 MandarkuDPam (old Neyveli) 33 17 1 60 31 57 2 15 31 02 -0 55 
2 Asknaear (old N e w e l l ) 32 10 1 13 30 97 2 25 29 85 -1 12 
3 Vadakuvellur 27 89 3 59 24 30 2 84 25 05 +0 75 
4 U Kullapakam 37 87 1 98 35 89 0 69 37 18 + 1 29 
5 Sathamanealam 49 80 6 20 43 60 5 68 44 12 +0 52 
6 Pudukunvaoettai 58 32 9 96 48 36 8 39 49 93 + 1 57 
7 Vndhachalam 42 42 9 85 32 57 9 68 32 74 +0 17 
8 Karkoodal 35 06 22 26 12 80 21 20 13 86 + 1 06 
9 Karuvepoilankunchi 24 39 >11 32 (dry) >11 3 2 ( d i \ ) 
10 KarmanRudi 23 10 >8 30(drv) >8 30(drv) 
11 Alhur 45 73 18 50 27 68 17 20 28 53 +0 85 
12 Snmushnam 29 82 7 10 22 18 6 30 23 52 +0 80 
13 Maningur 38 10 6 80 31 30 6 50 31 60 +0 50 
14 Virdhachalam anicut 28 96 6 90 22 06 >7 55 (dry) 
15 Kiranur 35 36 24 10 11 26 24 86 10 50 -0 76 
16 Kammapuram 23 86 20 10 3 76 21 68 2 18 -1 58 
17 Kavanur 22 56 9 80 12 76 >10 lO(diY) . 
18 Valavamadevi 15 14 >7 60 (dry) 7 30 7 84 
19 Enimburc 13 17 4 84 8 87 4 00 9 I t +0 84 
20 Kavalansudi 38 10 >8 30 (dry) >8 3 (drv) . 
21 Shatiatope 12 45 6 98 5 47 5 60 6 85 + 1 18 
22 Kollakudi 14 24 0 90 13 34 0 60 13 64 +0 30 
23 Mettukkuppain 30 77 1 00 29 77 0 84 29 93 +0 16 
24 Pinnalur 12 69 6 7 1 5 98 6 30 6 39 + 0 4 1 
25 Shaliatope (inside D-B) 13 10 >6 50(dry) . >6 50(drv) . 
26 Odavur 10 78 3 25 7 53 3 06 7 72 + 0 19 
27 Knshnakkuppam 11 30 4 30 7 00 4 70 6 60 -0 40 
28 B h u v a n a a n 9 00 4 15 4 85 3 09 5 9 1 + 1 06 
29 B Mutture 6 35 2 90 3 45 2 43 3 92 +0 47 
30 Paranaoer ta i (Porto Nova) 2 73 1 97 0 76 I 28 1 45 •>0 69 1 
31 Sepalanatham 32 01 7 56 24 45 6 00 26 01 + 1 56 
32 Vadalure 29 62 3 70 25 92 2 60 27 02 + 1 10 
33 Raian kuppam 22 72 >8 50(dry) 8 10 14 62 
34 Manivav 19 81 3 00 1681 2 68 17 13 +0 32 
35 Kalkumam 16 76 4 23 12 53 3 84 12 92 +0 39 
36 Abatharanpurani 41 73 5 98 35 75 4 00 37 73 + 1 98 
37 Kurnnpadi 22 84 5 98 16 86 5 10 17 74 +0 80 
38 Aduraeram 18 29 1 77 16 52 1 28 17 01 +0 49 
39 Kothavachan 12 19 2 71 9 48 2 65 9 54 +0 06 
40 KallaiYankuppam 10 67 2 50 8 17 2 08 8 59 +0 42 
41 Kannadi 15 24 3 20 12 04 2 84 12 40 +0 36 
42 Venpaianpattu-ll 53 03 >12 70 (dry) >12 70(drv) _ _ 
43 Vadakkuttu 53 60 6 63 46 97 8 87 44 73 -2 24 
44 Pudur 67 07 29 98 37 09 >31 00 (dry) _ _ 
45 ManinguF(inside car servicing 
center) 
68 59 10 15 58 44 10 98 57 61 -0 83 
46 Kallukarankuttai 80 30 17 08 63 22 20 32 61 98 -3 24 
47 Chattaram 54 87 8 95 45 92 10 66 44 21 -1 71 
48 Kuniiikuppam 74 24 >37 OOfdrv) >37 OO(drv) _ . 
49 Alapaeasamudrani 56 40 22 14 34 26 23 10 33 30 -0 96 
50 Pulivur 33 53 3 20 30 33 3 00 30 53 +0 20 
51 Badrakolai 48 78 >14 00fdrv) 12 74 36 04 . 
52 Naduveerapattu 27 25 12 30 14 95 9 82 17 43 +2 48 
53 Tinivendipuram 10 67 5 86 4 81 4 98 5 69 +0 88 
54 Pachchayanuppam(old 
cuddalore) 
5 84 1 20 4 6 4 3 4 2 44 -2 20 
55 Karaikkadu 6 00 130 4 70 3 16 2 84 -1 86 
56 Sangolikuppam 2 36 135 1 11 3 90 -1 54 -2 55 
57 Ramapuram 32 01 1169 20 32 11 20 20 81 +0 49 
58 Ramanathakuppam 15 24 7 97 7 27 6 90 8 34 + 1 07 
59 Talamppattu 60 68 27 89 32 81 28 60 32 08 -0 71 
60 Panikankuppam 59 09 >17 00(drv) >17 00 (dry) . 
61 Panmti 25 96 5 18 20 78 6 24 19 72 -1 06 
62 Sathipatm 37 87 15 05 22 82 14 10 23 77 0 95 
63 Kanikai 45 45 >22 0(dry) >22 OO(dry) 
64 Penyakapakiillam 80 79 5 30 75 49 8 90 71 89 +3 60 
65 Sordakuza 74 24 47 71 26 53 49 05 25 19 1 34 
66 Theiderkuppam 85 00 8 97 76 03 7 60 77 40 + 1 37 
67 Nevveh township(Block28) 6 1 4 3 7 63 53 80 6 50 54 93 + I 13 
68 Kunankunchi 45 73 4 78 40 95 3 16 42 57 + 1 62 
69 U Agaram 42 83 1 96 40 87 1 00 41 83 +0 96 
70 Eruppakandi 57 57 >35 OOfdrv) >35 OO(dry) 
71 KacharaKantham 81 82 2 1 4 3 60 38 20 82 60 99 +061 
72 Virareeddikuppam 82 31 10 38 71 93 9 45 72 86 +0 93 
73 Gopurapuram 60 06 5 26 54 80 8 90 51 16 -3 64 
74 Imsalakkupam 53 35 9 20 44 15 12 80 40 55 -3 60 
75 Ko-puraur 52 34 7 23 45 11 8 60 43 74 -1 37 
76 Aladi 64 02 5 93 58 09 6 82 57 20 -0 89 
77 KoHarakuppam-I 92 42 8 05 84 37 8 7 1 83 ; i +0 66 
78 Kanugudalorc 97 56 >27 30(drv) >27 30 (dry) 
79 Rrddipalavam 65 0 34 0 31 00 > 35 00 (dry) 
80 Kularankkuppam 84 84 >45 00(drv) >45 00 (diy) 
81 Toppiankulam 96 03 19 20 76 83 >20 90 (dry) 
82 Visur 45 73 9 10 36 63 1090 34 83 -1 80 
83 Palakolai 69 42 6 20 63 22 6 98 62 44 -0 78 
84 Senpinchi 41 15 9 20 31 95 8 79 32 36 +0 41 
85 Padur 82 31 6 30 76 11 7 10 75 21 0 80 
86 Ulundurpenai 73 80 7 89 65 91 6 24 67 56 + 1 65 
Appendix-IV 
Hydrogeological data of observation wells in and around Neyveli Lignite Field 
(Feb 2003 and Feb 1987) 
S No Location R L o f G L Depth to water Elevation of water Depth to water Elevation of water Water level 
(m amsl) level dunng Feb level dunng level dunng level dunng Febl987 fluctuation 
2003 Feb2003 Feb 1987 (m (m amsl) (m) 
(m bRl) (m amsl) bel) 
Mandarioippam (old Nevveli) 33 17 2 15 31 02 2 25 30 92 0 10 
Asknaear fold Nevveli) 32 10 2 25 29 85 2 89 29 21 +0 64 
Vadakuvellur 27 89 2 84 25 05 3 53 24 36 +0 69 
U Kullanakam 37 87 0 69 37 18 1 58 36 29 +0 89 
Sathamangalam 49 80 5 68 44 12 4 23 45 57 -1 45 
Pudukunvapettai 58 32 9 20 49 12 8 39 49 93 -081 
Vndhachalam 42 42 9 68 32 74 8 28 34 14 -1 4 
8 Kartcoodal 35 06 21 20 13 86 6 20 28 86 -15 00 
9 KanivcpDilankurichi 24 39 > 11 32 (drv) 5 82 18 57 
10 Kamangudi 23 10 > 8 30 (drv) 6 55 16 55 
n Athur 45 73 17 20 28 53 12 84 32 36 -4 36 
12 Snmushnam 29 82 6 30 23 52 3 23 26 59 -3 07 
13 Maningur 38 10 6 50 31 60 5 40 32 70 -1 10 
14 Virdhachalam anicut 28 96 > 7 55 (drv) 6 13 22 83 
15 Kiranur 35 36 24 86 10 50 19 10 16 26 -5 76 
16 Kammapuram 23 86 21 68 2 18 14 80 9 06 -6 88 
17 Kavanur 22 56 > 1 0 10 (dry) . 6 65 15 91 _ 
18 Valavamadevi 15 14 7 30 7 84 4 76 10 38 -2 54 
19 Emmbure 13 71 4 00 9 11 1 30 1241 2 70 
20 Kavalaneudi 38 10 > 8 30(d^^) . 7 61 30 49 
21 Shatiatopc 12 45 5 60 6 85 4 65 7 80 -0 95 
22 Kollakudi 14 24 0 60 13 64 2 10 12 14 + 1 5 
23 Mettukkuppam 30 77 0 84 29 93 0 35 30 42 -0 49 
24 Pinnalur 12 69 6 30 6 39 2 82 9 87 -3 48 
25 Shatiatope (mside D-B) 13 10 > 6 50(dry) 4 65 8 45 
26 Odayur 10 78 3 06 7 72 1 41 9 37 -1 65 
27 Knshnakkuppam 11 30 4 70 5 6 0 0 88 1042 -3 82 
28 Bhuvanaein 9 00 4 73 4 27 4 05 4 95 -0 68 
29 B Mutlure 6 35 2 43 3 92 2 0 0 4 35 -0 43 
30 Parangipettai (Porto Nova) 2 73 1 28 1 45 1 65 1 08 +0 37 
31 Sepalanatham 32 01 6 0 0 26 01 0 88 31 13 -5 12 
32 Vadalure 29 62 2 60 27 02 3 20 26 42 +0 60 
33 Raian kuppam 22 72 8 10 14 62 5 40 -16 72 -2 2 
34 Maruvav 19 81 2 68 17 13 3 62 16 19 +0 94 
35 Kalkumam 16 76 3 84 12 92 0 70 1606 -3 14 
36 Abatharanpuram 41 73 4 00 37 73 2 80 38 93 -1 20 
37 Kumiipadi 22 84 5 10 17 74 3 32 19 52 -1 78 
38 AduraKram 18 29 1 28 1701 1 80 16 49 +0 52 
39 Kothavachan 12 19 2 65 9 54 2 03 10 16 -0 62 
40 Kallaivankuppam 10 67 2 08 8 59 3 68 6 99 +0 84 
41 Kannadi 15 24 2 84 12 40 2 32 12 92 -0 52 
42 Vengaianpattu-II 53 03 11 98 41 05 6 79 46 24 -5 19 
43 Vadakkuttu 53 60 8 87 44 73 5 58 48 02 -3 29 
44 Pudur 67 07 >31 OWdry) 19 15 47 92 
45 Mamngur^mside car servicing 
center) 
68 59 10 98 57 61 4 39 64 2 -6 59 
46 Kallukarankuttai 80 30 17 08 63 22 20 32 61 98 -3 24 
47 Chattaram 54 87 1066 44 21 6 25 48 62 -441 
48 Kuniiikuppam 74 24 >37 80(div> 30 92 43 32 _ 
49 Alapaeasamudram 56 40 23 10 33 30 18 00 38 40 -5 1 
50 Pulivur 33 53 3 00 30 53 2 63 30 90 -0 37 
SI Badrakotai 48 78 12 74 36 04 10 60 38 18 -2 14 
52 Naduveerapami 27 25 9 82 17 43 6 25 21 00 -3 57 
53 Tiruvendipuram 10 67 4 98 5 69 3 92 6 75 -1 06 
54 Pachchavanuppamfoid cuddalore) 5 84 3 40 2 44 1 10 4 74 -1 34 
55 Karaikkadu 6 00 3 16 2 84 1 82 4 18 -1 34 
56 SandohkuDDam 2 36 3 90 -1 54 2 85 -0 49 -1 05 
57 Ramapuram 32 01 11 20 20 81 10 70 21 31 -0 50 
58 Ramanathakuppam 15 24 6 90 8 34 6 25 8 99 -0 65 
59 Talamppaitu 60 68 2 9 1 0 31 58 20 89 39 71 -8 21 
60 Panikankuppam 59 09 >17 00(dn'1 16 20 42 89 
61 Panniti 25 96 6 24 19 72 5 87 20 09 -0 37 
62 Sathipattu 37 87 25 73 12 14 16 87 21 00 -8 86 
63 Karakai 45 45 >22 00 (dry) 18 10 27 35 
64 Penvakapakullam 80 79 8 90 71 89 8 20 72 59 -0 70 
65 Sordakuza 74 24 49 05 25 19 22 00 52 24 -27 05 
66 Theiderkuppam 85 00 7 60 77 40 4 60 80 40 -3 00 
67 Nevveh towiiship(Block28^ 61 43 6 50 54 93 3 10 58 33 -3 40 
68 Kunankunchi 45 73 3 16 42 57 4 40 41 33 + 1 24 
69 U Asaram 42 83 1 00 41 83 4 45 38 38 +3 45 
70 Eruppakandi 57 57 > 35fdn') 27 80 29 77 
71 Kacharagantham 81 81 20 82 60 99 12 85 68 96 -7 97 
72 Virareeddikuppam 82 31 9 45 72 86 3 15 79 16 - 6 3 
73 Gopurapuram 60 06 8 90 51 16 4 85 55 21 -4 05 
74 Inisalakkupam 53 35 12 80 40 55 5 07 48 28 -7 73 
75 Ko-puiBur 52 34 8 60 43 74 5 50 46 84 -3 10 
76 Aladi 64 02 6 82 57 20 2 79 61 23 -4 03 
77 Koitarakuppam-I 92 42 8 71 83 71 6 70 85 72 -2 01 
78 Kanugudalore 97 56 >27 30 (drv) 12 30 85 26 
79 Reddipala^-am 65 00 >35 OO(drv) 24 80 40 20 
80 Kularankkuppam 84 84 >45 00{drY) . 43 86 40 98 
81 Toppiankulam 96 03 >20 90{div) 9 15 86 88 
82 Visur 45 73 11 15 34 58 7 80 37 93 -3 35 
83 PalakaUu 69 42 6 98 62 44 6 30 63 12 +3 34 
84 SenEunchi 41 15 8 79 32 36 3 30 37 85 -5 49 
85 Padur 82 31 7 10 75 21 2 85 79 46 -4 25 
86 Ulundurpettai 73 80 6 24 67 56 3 76 70 04 -2 48 
Appendix-V: 
Peizometric data of Neyveli Lignite Field 
s Localion RL of Depth 10 Deplh 10 Deplh 10 Elevation of Elevation of Elevation of 
No GL pcizomelric peizomeinc peizometric peizometnc peizometric peizometnc 
(m surface dunng surface surface surface surface surface 
amsal) 1957(mbgl) duriTii; 1987 during during dunng dunng 2002 
(m bgl) 2000(mbgl) I957(m 
amsl) 
1987(m 
amsl) 
m amsl) 
Mine-I 45 00 1 2 0 64 26 107 8 +33 00 -19 26 -62 80 
Mmc-II 24 78 2 82 above GL 45 78 96 20 +27 60 -21 00 -71 42 
A/i/tidf:ar 24 90 2 20 above GL 28 43 73 43 +27 10 -3 53 -48 53 
KamvaJH 19 50 1 26 above GL 20 96 54 21 +28 76 -1 46 -34 71 
Naivelv 33 17 6 66 45 76 75 47 +26 51 -12 59 -42 30 
6 Kaininapiirain 23 86 1 54 above GL 17 37 39 66 +25 40 +6 49 -15 80 
7 Smivaraptir 24 2 2 28 a b o \ e G L 150 38 00 +26 48 +9 20 -13 80 
8 Manizali 22 68 2 47 above GL 34 28 81 10 +24 15 -11 60 -58 42 
9 Pernaktippam 15 34 6 52 above GL 5 02 2 S 6 9 +21 86 + 10 32 - 1 3 3 5 
10 Peiuindurar 20 0 5 29 above GL 7 14 12 70 +25 29 + 12 86 -12 70 
n Eratnbur 1371 2 61 above GL 3 50 30 20 + 1632 + 10 20 -16 49 
12 Valaivainadcvi 15 14 4 20 above GL 5 32 37 04 + 19 34 +9 82 -21 90 
1.1 Sluiii.iiopc 1243 17 43 above GL 1 39 15 13 . 2 9 88 + 11 06 -2 68 
14 Pirraliir 12 69 17 14 above GL 4 00 19 03 +29 83 +8 69 -6 34 
:5 Raiankiippam 20 47 12 13 above GL 13 87 29 76 +32 60 +6 60 -9 29 
K) Kiirtn|ipadi 22 84 7 16 above GL 15 45 30 23 +30 00 +7 42 -7 39 
17 Vadaiur 29 62 1 64 above GL 25 41 51 81 +31 26 +4 21 -22 19 
18 Vecranuidai vanatliam 13 10 15 60 above GL 3 8 1 19 76 +28 70 +9 29 -6 66 
10 Srimushnam 29 82 1 48 above G1 11 22 31 02 -31 10 - I 8 6 0 -1 20 
20 Salhainantialain 49 80 32 50 37 13 44 95 + 17 30 H 2 68 +4 85 
•II Vad ikiitin 51 60 21 5-- 49 40 73 53 -^12 07 +4 20 -19 91 
•)-) Kilkuppani 82 42 48 10 70 34 90 76 +34 12 1^12 08 -8 34 
2") Mtidatai 'i9 48 32 29 49 37 65 10 +27 19 - 1 0 11 -5 82 
21 Chiltil<lkatidivankuppjt)l 61 98 34 72 4088 49 70 +27 26 +21 10 + 1282 
Kuppaiialhain 65 56 34 68 45 51 55 51 + 10 88 -^20 50 + 1005 
26 Vellai\aiiikiippam 64 58 31 0 59 48 80 97 - 3 1 58 10 -16 19 
27 Utidliainur 50 46 18 67 28 12 41 77 +31 79 +22 14 +8 69 
28 Pcramathut 64 80 32 20 58 00 79 39 - 3 2 60 +6 80 -14 39 
29 Movanmippam 80 67 42 58 70 10 89 05 + 18 09 + 10 57 -8 38 
Mi Adiinaiikuppani 87 58 53 20 67 43 88 86 +34 38 +20 15 -1 28 
l | Rliaratidarsan salai-I 74 00 39 14 67 27 85 18 +34 86 +6 73 -11 38 
ktrilcn 30 35 00 58 62 75 10 - 3 6 30 - 1 2 68 -3 80 
r . PjUrvari) kollai : : r-2 6 50 16 00 29 63 1-16 33 +6 83 -6 80 
11 
I 
V, 22 56 70 67 109 46 +32 80 - b 3 l -54 10 
-.N ka(LinpiliMit [ •8 >0 60 62 28 74 SO + 27 9C + 1628 + 3 76 
Appendix-VI 
Statistical Analysis of peizometric data of the Neyveli Lignite Field 
S No Location R L o f Depth to Depth to Depth to Decline of Decline of Rate of Rate of 
Gl peizoineti ic peizoinelric peizometric peizometric peizometric Decline of Decline of 
(in surface during surface surfacc surfacc surface peizometric peizometric 
aiDsaO 1956 during 1986 during 2002 during 1956- during 1986- surface surface 
(mbgl) (mbgl) (mbgl) 86 
(m) 
2002(m) during 1956-
86 (m/y) 
dunng 1986-
2002 (m/v) 
I Mine 1 45 00 12 00 64 26 107 80 52 26 43 54 1 80 2 72 
•> Mnie-ll 24 78 2 82 above GL 45 78 96 20 48 60 50 42 1 67 3 15 
1 Nevveh (Old) "n 17 6 66 45 76 75 47 39 10 29 71 1 34 1 85 
4 Vadalni 29 62 1 64 above GL 25 41 51 81 27 05 26 40 0 93 1 65 
5 Adnnankuppani 87 5S 5 1 2 0 67 41 SS 86 14 21 21 41 0 49 1 11 
6 Bhanidaisan salai-l 74 00 •59 14 67 27 85 38 28 13 18 11 0 97 1 13 
7 Raiankiippani 20 47 12 n above GL 1187 29 76 26 00 15 89 0 89 0 99 
8 Ktiniinpadi 22 84 7 16 above GL 1545 30 23 22 61 14 78 0 77 0 92 
9 I ivmhur n 71 2 61 above GL 6 20 10 20 8 8 1 24 00 0 10 1 50 
10 Pninalur 12 69 17 14 above GL 4 00 19 03 21 14 15 03 0 72 0 93 
II ValanamadeM 15 14 4 20 above GL 5 32 17 04 9 52 11 74 0 32 1 98 
12 kaniniapurani 23 86 1 54 above GL 1737 39 66 1891 22 29 0 65 1 39 
n Veeraiijudaa anadiain n 10 15 60 above GL 181 19 76 1941 15 95 0 66 0 99 
u Shatialopc 12 45 17 43 above GL 1 19 15 11 18 82 13 74 0 64 0 83 
Sirnnnslmain 29 82 1 48 above GL 11 22 11 02 12 70 19 80 0 41 1 21 
16 Vadaknllu 5 1 6 0 21 53 49 40 73 51 27 87 24 13 0 96 1 50 
17 Killsiipp.iin 82 12 48 10 70 14 90 76 37 24 20 43 0 76 1 27 
IS k.idanipuliMii 78 -.6 50 60 62 28 74 80 11 68 12 52 0 40 0 78 
19 Silhani.inualani •19 80 12 50 40 00 47 90 7 50 7 90 0 2 5 0 49 
30 Koiicii 71 10 15 00 58 62 75 10 2 1 6 2 16 48 0 8 1 1 03 
21 A7f7nai!ai 24 90 2 20 above GL 28 41 7 1 4 1 30 61 45 00 1 05 281 
22 karuvalu 19 50 7 26 above GL 20 96 54 21 28 22 33 25 0 97 2 07 
Sinivarapni 24 20 2 28 above GL 15 00 18 00 17 28 2 1 0 0 0 59 1 41 
Manajiatt 22 68 2 47 above GL 34 28 81 10 16 57 46 82 1 22 2 92 
25 IVn\akuppain 15 14 6 52 abo\c GL 5 02 28 69 11 54 21 67 0 19 1 47 
2(, Pcnundiir.il 20 00 5 29 above GL 7 14 12 70 1241 25 36 0 42 1 39 
2" Mudaiiai 39 48 12 29 49 17 65 10 17 08 15 16 0 58 0 99 
2if Climiiakadnan 
kiippam 
61 98 34 72 40 88 49 70 6 16 8 82 0 2 1 0 55 
_ Kupii.inalhain (o 14 68 45 51 5*; -il 1081 10 00 0 17 0 62 
Vcliai\anikuppain 64 58 11 00 59 48 80 97 28 48 21 49 0 98 1 14 
-1 Hiiillianin 16 18 6^ 28 12 11 77 9 45 1165 0 12 0 85 
52 Pciainanallnii 64 80 12 20 58 00 79 19 25 8 21 19 0 88 1 11 
r . M()\ inkupiiain 8(1 67 42 58 70 10 89 (15 27 32 18 95 0 94 1 18 
u P ilau.iin tkitU.u 22 81 6 50 I6 0<1 29 61 9 30 1161 0 12 0 83 
koia\anktipp.in) 53 16 22 56 70 67 109 46 48 11 18 79 1 65 2 42 
Appendix-VII 
Particulars of Pressure surface and Discharge(Mine-I) 
Year Month Average discharge 
(GPM) 
Average pressure 
surface 
(m) 
1991 January 29948 -51.33 
July 31774 -50.00 
1992 January 25180 -52.33 
July 27659 -54.66 
1993 Januaiy 22942 -55.16 
July 22062 -54.33 
1994 January 25180 -57.66 
July 25906 -55.00 
1995 January 23109 -55.83 
July 23493 -59.00 
1996 January 23960 -58.66 
July 22050 -59.33 
1997 January 19299 -59.50 
July 23114 -55.50 
1998 January 22344 -55.00 
July 21635 -57.00 
1999 Jan 19023 -57.83 
Appendix-VIII 
Years Mine-I Mine II 
Lignite (MT) Overburden 
(MCM) 
Lignite 
Overburden 
Ratio (T CM) 
Lignite 
(MT) 
Overburden 
(MCM) 
Lignite 
Overburden 
Ratio 
( T C M ) 
1957-58 _ 2 40 
1958-59 3 24 
1959-60 3 07 
1960-61 . 4 07 
1961-62 4 05 
1962-63 0 36 3 16 1 8 77 
1963-64 1 10 4 86 14 25 
1964-65 1 60 6 97 1 4 35 
1965-66 2 56 9 03 1 3 52 
1966-67 2 46 10 52 14 27 
1967-68 3 44 1391 1 4 04 
1968-69 3 98 16 24 1 4 08 
1969-70 4 28 14 84 1 3 46 
1970-71 3 39 12 33 I 3 63 
1971-72 3 72 15 18 1 4 08 
1972-73 2 89 12 78 1 4 42 
1973-74 3 33 13 23 1 3 97 
1974-75 2 94 12 24 1 4 16 
1975-76 3 03 12 25 1 4 04 
1976 77 4 02 18 12 14 50 
1977 78 3 58 16 42 14 58 
1978-79 3 30 18 04 1 5 46 
1979-80 2 90 22 84 1 7 87 
1980-81 4 80 35 27 1 7 14 
1981-82 5 88 32 33 1 5 49 
1982-83 6 40 32 17 1 5 02 1 78 
1983-84 6 63 35 60 1 5 36 5 30 
1984-85 7 11 38 77 1 5 45 0 005 15 77 
1985-86 7 13 38 81 1 5 44 0 15 21 04 1 140 26 
1986 87 7 14 38 42 1 5 38 1 41 21 97 1 15 58 
1987-88 7 14 38 52 1 5 19 3 0 20 48 1 6 82 
1988-89 7 16 40 68 1 5 68 4 24 20 96 1 4 94 
1989-90 7 41 43 04 1 5 80 3 83 20 28 1 5 29 
1990-91 7 54 40 83 1 541 4 2 1 22 10 1 5 24 
1991-92 8 11 40 04 1 4 91 4 43 10 63 1 6 9 1 
1992-93 6 5 1 40 01 1 6 14 6 80 44 47 1 6 <3 
1993-94 6 14 36 65 1 8 00 46 71 1 5 84 
1994-95 6 70 37 50 1 5 59 8 70 47 96 1 5 51 
1995-96 7 26 39 23 1 5 40 9 93 49 12 1 4 96 
1996-97 7 28 38 92 1 5 34 10 07 51 10 1 5 07 
1997-98 7 50 40 92 1 5 45 1 0 6 57 53 1 5 42 
1998-99 7 54 41 21 1 5 46 10 62 54 52 1 5 13 
1999-2000 6 90 44 56 1 5 45 10 65 55 10 1 5 17 
2000-2001 7 20 55 27 1 7 67 10 97 53 76 I 4 90 
2001-2002 7 65 60 99 1 7 97 1071 61 33 1 5 72 
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Appendix-XVII: 
Pumping particulars of Mine-I (Period 1961-2001) 
Vc^rs \ \ e r a g c N o of 
Tumps 
G W C pumpage 
( M K L / M C M ) 
S W C Pumpage 
(MKL/MCM) 
Lignite : G W C 
pumpage 
(T;CM) 
Lign i tc .GWC 
and S W C 
pumpage 
(T :CM) 
1961-62 27 11 17 4 20 
l96:-6'; 27 65 57 5 50 1 182 13 1 974 41 
196<-64 W 86 35 6 00 1 78 50 1 83 95 
1964-65 48 114 46 6 42 1 71 53 1 75 55 
1065-66 45 96 69 7 4 7 t 37 76 1 40 68 
1966-67 44 83 11 9 65 1 33 78 1 37 70 
1967-68 44 72 26 9 03 1 21 00 1 23 63 
1968-69 40 76 95 4 11 1 16 48 1 20 36 
1969-70 >8 70 55 6 87 1 19 33 1 18 08 
1970-71 34 73 79 8 15 1 1648 1 24 17 
1971-72 r i 73 72 11 60 1 1981 1 22 93 
1972-7^ 29 66 29 II 86 I 22 93 1 27 04 
197i 74 "! 1 72 36 10 07 1 21 72 1 24 75 
1974-''^ ' 0 62 74 18 90 1 21 34 1 27 76 
197V76 M) 62 26 17 59 1 20 54 1 26 35 
1976-77 •57 71 34 12 61 1 17 75 1 27 72 
1977-78 i8 74 06 13 10 1 20 68 1 24 34 
1978-79 i8 79 93 17 65 1 24 22 1 29 56 
1979 80 16 76 29 23 63 1 26 30 1 34 45 
1980 81 74 68 17 43 1 15 51 1 19 18 
19S1-S: •56 66 19 23 68 1 1 1 2 ^ 1 15 18 
1982-85 i6 67 16 26 68 1 10 49 1 14 66 
198' 84 '1 74 23 28 05 1 n 19 1 15 42 
1984 8^ •59 74 41 35 5 1 10 46 1 1545 
198>86 83 77 29 94 1 11 78 1 15 87 
1986-8^ V) 101 77 26 01 i 14 25 1 17 89 
1987 88 4 1 88 49 29 13 1 12 39 1 16 47 
1988 8') 70 7 - 35 34 1 9 37 1 15 6S 
1989 9(1 il. 7U99 40 30 1 9 <;s 1 i s o l 
1990 91 6t 78 46 8? 1 8 15 1 14 67 
1991 92 -6 69 20 52 18 1 8 1 15 00 
ji)')^ w; 61 S" 4^ i r 1 9 SO 1 16 >.•• 
'II 1 48 <8 1 16 69 
1991 , Sn 4^ U, ti) 1 8 28 1 16 69 
1 
••0 M r V, 1 " 1 1 t 86 
199(. ' / ' 28 52 "2 1 24 1 b 31 
199--98 27 M 11 •'I 20 I 6 81 _ 1 16 "-0 
1998-99 -il 51 11 61 16 1 6 77 1 14 88 
1999-2000 29 52 20 59 1 7 56 1 16 19 
2000-2001 lO 51 ^3 61 21 1 7 IS 1 15 65 1 
Appendix-XVIII 
Summary of major chemical parameters for spatial variation 
in groundwater quality (Shallow Aquifer) 
Chemical parameter Max Min Mean SD 
pH 9.8 5.3 8.308 0.645 
EC 36718 120 2639 5883.1 
TH 4627.13 29.7 573.7 3530.4 
Ca 525.05 8.02 87.06 90.945 
K 250 0 35.63 87.111 
Na 6422.75 8.97 394.6 1036.2 
Mg 805.98 0 51.02 140.19 
CO3 130.71 0 21.85 35.073 
HCO3 680.18 30.51 257.3 181.56 
CI 11653.16 22.15 571.6 1869.1 
SO4 1921.22 12,86 266.1 446.65 
TDS 2193.71 64.93 1585 3530.4 
Appendix-XIX 
Summary of major chemical parameters for spatial variation 
in groundwater quality (Deep Aquifer) 
Chemical parameter Max Min Mean SD 
PH 9.13 6.12 7.75 0.87 
EC 3306 206 1100 815.5 
TH 706.37 48.83 247.06 174.56 
Ca 139.89 10.41 56.6 40.75 
K 169.3 1.17 10.29 25.3 
Na 1209.67 20.22 144.59 198.32 
Mg 69.58 1.2 21.22 19.92 
CO3 133.8 3.9 19.72 38.5 
HCO3 386.24 26.4 182.63 110.3 
CI 574.11 17.36 142.57 141.2 
SO4 561.95 5.93 119.24 125.73 
TDS 2043.8 110.33 622.59 479.73 
